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I. — A  Geologist  of  a  Ckktubt  Ago: 
Sajtdsl  Woodward  of  Norwich,  Antiquary  and  GeologiBt.^ 

(With  a  Portrait.) 

GEOLOGISTS  aie  so  accustomed  to  deal  with  vast  periods  of 
time,  that  a  century  may  be  deemed  by  them  as  equivalent  to 
the  moment-measure  of  the  dial,  or  the  sand-grains  of  the  hour-glass. 

Nevertheless  a  century,  in  human  affairs,  especially  that  just 
expiring,  has  for  us  a  vastly  wider  significance,  and  although  its 
passage  may  not  have  seen  the  birth,  it  has  witnessed  all  the  growth 
and  development  of  Geological  science,  and  a  large  proportion  of 
that  of  her  sisters  also.  It  cannot  be  without  interest,  therefore, 
briefly  to  record  in  these  pages  the  name  of  one  who,  although 
bom  a  hundred  years  ago,  with  but  scanty  opportunities  either  of 
position  or  education  to  assist  him,  yet  by  sheer  force  of  energy  and 
perseverance,  and  attracted  by  a  strong  love  of  Nature,  became 
a  geologist  of  no  mean  merit,  and  left  behind  him  a  name  honoured 
by  those  who  knew  him,  and  a  record  of  work  accomplished,  worthy 
to  fill  a  much  longer  life. 

Samuel  Woodward  was  bom  at  Norwich,  on  the  3rd  October, 
1790.  His  grandfather,  Simon  Woodward,  came  from  London  to 
settle  in  Norwich,  where  he  married  and  left  two  children,  the 
younger  of  whom,  William,  born  in  1762,  married,  in  1789,  to 
Elizabeth  Springall,  and  died  in  1795,  at  the  early  age  of  33  3'ears. 
He  left  a  widow  and  two  children,  the  elder  of  whom  was  Samuel 
Woodward,  the  subject  of  the  present  Memoir.  His  father  died 
before  he  was  five  years  old,  and  after  attending  a  day-school  for 
a  short  time,  he  was  placed  under  the  care  of  a  relative  who  was 
a  shawl -weaver,  then  one  of  the  staple  manufactures  of  Norwich. 
So  desirous  was  the  boy  to  learn  that  he  devoted  every  spare 
moment  to  study,  and  read  with  eagerness  every  book  which  came 
within  his  reach.     At  ten  years  of  age  we  find  him  singing,  as  a 

'  Those  who  are  interested  in  the  story  of  a  Norwich  boy  who  became  a  geologist 
may  read  the  fuller  account,  of  which  this  is  but  an  abstract,  in  the  Transactions  of  the 
Norfolk  and  Norwich  Naturalists'  Society,  vol.  ii.  pp.  663-593,  1879,  by  Horace 
B.Woodward,  F.G.S.  (grandson  of  Samuel  Woodward),  and  author  of  the  '^Geologj 
of  England  and  Wales,  '  one  of  the  best  text-books  ever  written.  The  portrait  is 
f^produced  by  permission  from  an  original  sketch,  in  Indian  ink,  in  the  possession 
of  hi*  daughter,  Mrs.  T.  G.  Bayfield  of  Norwich,  drawn  from  life  by  his  eldest  son, 
B.  B.  Woodward. — Edit.  Geol.  Mao. 

DBCADB  ui. — "^^^  ^"i* — ^o»  !•  ^ 
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chorister,  on  Sundays,  in  St.  George's  Colegate,  the  church  of  the 

parish  in  which' he'  lived  with  his  mother.     Here  he  was  introduced 

to  Mr.  AldennariCt  Herring,  a  wealthy  manufacturer,  and  at  one  time 

Mayor  of  Norwich,  who  kindly  took  the  lad  into  his  warehouse,  and 

having  fij6t. 'placed  him  in  a  school  for  a  short  time,  he  afterwards 

bound  him*- apprentice  to  his  own  business,  that  of  weaving  Camlets 

and  Bombazines.     Here  he  gradually  rose  to  a  position  of  trust 

and* responsibility ;  nor  did  he,  during  this  period  of  twelve  years, 

PBgleftt  any  opportunity  of  improving  his  mind,  eagerly  availing 

^  \^i^Belf  of  the  kind  permission  given  him  by  Mr.  Herring  to  use  his 

.'  /JUirary  for  study  whenever  he  had  leisure  to  do  so.     His  pursuits 

.. ,    '.£ad  already  assumed   the  form   they   retained   in   later  life.     He 

•   ''.''  collected  and  cultivated  flowers,  and  his  room  was  adorned  with 

'*/  '      curios  and  shells  which  he    bought  at  the  old-curiosity  shops  in 

the  city. 

One  of  the  first  geological  puzzles  he  endeavoured  to  solve  was 
a  mass  of  flint  containing  Ana%kchyie%y  which  he  had  noticed  on  a 
cottage  mantel-piece,  where  it  was  kept,  well  black-leaded,  as  an 
ornament.  And  one  of  the  books  which  first  excited  his  attention, 
and  perhaps  directed  it  to  antiquarian  and  geological  studies,  was 
Yerstegan's  ''Restitution  of  Decayed  Intelligence,  in  Antiquities 
concerning  the  most  noble  and  renewed  English  Nation,"  a  curious 
work,  of  which  the  first  edition  was  published  in  1605,  and  in 
which  the  former  connection  between  England  and  France  was  then 
advocated. 

He  not  only  used  every  opportunity  of  adding  to  his  own  store 
of  knowledge,  but  was  ready  to  help  others,  for  he  himself  taught 
in  both  an  evening  and  a  Sunday  school.  It  was  whilst  thus  engaged 
that  he  became  acquainted  with  Joseph  John  Gurney,  who,  throughout 
his  life,  proved  a  true  friend  to  him. 

In  1812  Mr.  Herring  gave  up  his  manufactory  owing  to  the 
general  depression  of  business,  but  in  1814  Samuel  Woodward 
obtained  a  clerkship  in  the  Norwich  Union  Fire  Office,  which  he 
held  for  six  years,  when  he  entered  the  Banking-house  of  Messrs. 
Gumeys'  &  Co.,  where  he  remained  until  his  death. 

In  1815  Samuel  Woodward  married  Elizabeth,  daughter  of  Bernard 
Bolingbroke,  Esq.,  of  East  Dereham,  Norfolk,  and  niece  of  Nathaniel 
Bolingbroke,  Esq.,  formerly  Mayor  of  Norwich,  and  of  Sir  John 
Yallop,  Sheriff  of  that  city.  This  union  resulted  in  a  family  of  six 
sons  and  three  daughters;  but  one  son  and  one  daughter  died  in 
their  infancy. 

After  1820,  he  was  brought  prominently  under  the  notice  of 
Hudson  Gurney,  Esq.,  M.P.,  of  Keswick,  and  Dawson  Turner, 
Esq.,  of  Yarmouth,  both  Fellows  of  the  Hoyal  Society,  and  partners 
in  Gumey*s  Bank.  It  was  to  their  friendly  aid  and  encouragement 
that  he  largely  owed  the  opportunities  he  enjoyed  for  the  prosecution 
of  his  favourite  studies,  and  also  the  success  which  attended  his 
labours.  To  them  he  was  particularly  indebted  for  the  loan  of 
books,  and  for  aid  in  his  publications. 
The  works  of  Parkinson,  William  SmiOa,  aad,  \«A.et  on,  those  of 
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Conybeare  and  Phillips,  became  his  text-books ;  while  the  writings 
of  Riohard  Taylor  gave  an  impetus  to  his  local  researches.  Taylor's 
earliest  paper  was  published  in  1822,*  and  in  the  following  year 
Samuel  Woodward  made  his  first  geological  tour  of  the  coast,  but 
without  obtaining  any  specimens  of  fossil  bones.  In  1824  Mr. 
Robert  Laoy  sent  him  two  molars  of  Elephant  from  Mundesley, 
and  soon  after  he  made  another  excursion  from  Yarmouth  to  Cromer 
along  the  beach,  and  obtained  some  good  specimens ;  and  might,  he 
says,  have  obtained  some  very  large  and  fine  bones,  but  for  the 
difficulty  of  conveyance. 

From  this  year  and  up  to  the  time  of  his  death  he  maintained  a 
considerable  correspondence  with  many  of  the  leading  naturalists 
and  geologists  of  the  day.  The  letters  he  received,  togethei  with 
many  miscellaneous  notes  and  memoranda,  are  preserved  in  eleven 
quarto  volumes,  now  in  the  possession  of  his  youngest  son.  Dr. 
Henry  Woodward,  F.R.S.  During  this  period  of  fourteen  years  he 
seems  to  have  kept  every  scientific  letter  he  received,  and  it  must 
be  remembered  that  in  those  days  letter- writing  was,  as  a  rule,  far 
more  elaborate  and  careful  than  it  is  now.  Many  of  these  letters 
are  only  of  value  as  autographs,  and  merely  relate  to  inquiries  as 
to  coins,  rings,  seals,  merchants-marks,  ancient  buildings,  and  other 
antiquarian  matters  mostly  of  local  interest.  Others  bear  upon 
geological  topics :  amongst  them  we  find  letters  from  William  Bean 
(of  Sairboro'),  C.  W.  Peach,  R.  C.  Taylor,  Hudson  Gurney,  Dawson 
Tamer,  the  Rev.  James  Layton  (of  Catfield) ;  Thomas  Amyot 
(Treasurer  of  the  Society  of  Antiquaries),  J.  W.  Robberds,  Miss 
Etheldred  Benett,*  Goddard  Johnson,  H.  Denny  (of  Leeds),  Daniel 
Stock  (of  Bungay),  Dr.  Buckland,  Prof.  Sedgwick,  Dr.  Man  tell.  G. 
B.  Baker  (of  Bungay),  Dr.  Charles  Konig  (British  Museum),  Sir  R.  I. 
Marchison,  Prof.  John  Phillips,  Dr.  James  Mitchell,  Wm.  Gilbertson 
(of  Preston),  the  Rev.  Thomas  Image  (of  Whepstead),  the  Rev. 
George  Mnnford,  the  Rev.  W.  Foulger.  There  are  also  short  notes 
from  Fitton,  De  la  Beche,  Lyell,  Agassiz,  Sir  Philip  Egerton,  Eliza- 
beth Fry,  Harriet  Martineau,  and  Charles  Waterton. 

Samuel  Woodward's  first  letter  to  Mr.  Caleb  Rose,  F.G.S.,  of 
Siraffham,  was  written  in  May,  1826,  and  from  that  date  there  was 
an  uninterrupted  correspondence,  mostly  on  geological  topics,  until 
the  death  of  the  former  in  1838.  The  enthusiasm  of  the  two  friends 
seems  to  have  been  very  great ;  every  discovery  of  a  new  fossil  was 
at  once  communicated,  while  books  and  specimens  were  borrowed 
and  exchanged,  in  a  way  that  speaks  well  for  the  prosecution  of 
science  in  those  days. 

In  1824  he  made  his  first  communication  to  one  of  the  learned 
Societies  of  London.  It  consisted  of  a  series  of  maps  and  plans  of 
Ancient  Norfolk,  which  he  submitted  to  the  Society  of  Antiquaries 
through  Mr.  Hudson  Gurney.  One  of  these  maps  illustrated  the 
Boman  period,   showing  the  several  stations  and  roads  constructed 

^  "Fossil  Bones  on  the  Coast  of  East  Norfolk,''  Phil.  Mag.  toI.  Ix.  p.  132,  1822. 
*  Well  known  to  geologists  as  authoress  of  "  A  Catalogue  of  the  Organic  Kemains 
of  the  County  of  Wilto,"  1831 ;  (of  Norton  House  Warminster,  Wilts). 
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by  the  Romans ;  another  pictured  the  great  estaary  which  it  was 
considered  had  spread  ite»lf  as  far  as  Venia  Iceuarwm  (Nor¥rioh) 
before  the  sands  on  which  Yarmouth  was  built  were  left  uncovered 
by  the  sea.  This  latter  map  was  based  upon  the  ancient  '  Hutch 
Map,'  belonging  to  the  Corporation  of  Yarmouth,  with,  however, 
many  inaccuracies  as  to  places  and  distances  corrected. 

In  1825  he  had  already  nearly  completed  two  works  in  MS.,  one 
entitled  "  Sketch  of  the  Norwich  Crag  Deposit,  with  a  Descriptive 
Catalogue  of  its  Fossils,"  a  quarto  volume  containing  twenty  plates 
with  outline  figures  of  the  species ;  the  other,  entitled,  **  Remarks 
on  the  Geology  of  the  County  of  Norfolk,"  4to.  illustrated  with 
coloured  figures  of  the  fossils  and  coloured  sections  of  the  strata. 
Both  works,  however,  were  commenced  and  carried  out  on  a  plan 
far  too  ambitious  and  expensive  for  publication.  The  projected 
"  Geology  of  Norfolk  "  was  to  comprise  24  plates,  and  nearly  1000 
figures;  be  had  already  drawn  about  300,  and  others  were  sub- 
sequently added ;  these  remain  as  he  left  them.  The  substance  of 
his  observations,  and  figures  of  many  of  the  species  were,  however, 
published  in  his  "Gkology  of  Norfolk,"  in  1833.  The  original 
drawings  of  fossils  are  extremely  accurate  and  very  carefully  executed 
and  bespeak  considerable  native  talent.  In  1826  he  was  elected  a 
member  of  the  Committee  of  the  Norfolk  and  Norwich  Museum 
(established  in  1824),  an  office  which  he  held  at  intervals  during  the 
subsequent  years  of  his  life.  In  1827  he  exhibited  before  the 
Society  of  Antiquaries,  in  London,  some  antiquities  found  at 
Coltishall,  which  he  conjectured  to  have  been  a  landing-place  to  the 
Romans  when  navigating  the  River  Bure  on  their  way  to  Bampton 
or  Burgh-by-Aylsham.  Later  in  the  year  he  was  engaged  with  Mr. 
W.  C.  Ewing,  in  exploring  the  Barrows  at  Eaton  Heath.  The 
Bronze  Celts  and  a  perfect  metal  mould  obtained  there,  were  ex- 
hibited at  the  Society  of  Antiquaries,  Dec.  6, 1827  (see  Archaeologia, 
ToL  xxii.  p.  424,  1829).  On  the  5th  Feb.  1828,  he  was  elected 
an  Honorary  Member  of  the  Yorkshire  Philosophical  Society,  at 
the  suggestion  of  John  Phillips,  then  Curator  of  the  York  Museum, 
with  whom  he  frequently  corresponded. 

In  1828,  in  a  letter  to  Dr.  Fitton,  F.R.S.,  President  of  the 
Geological  Society  of  London  (read  2nd  January,  1829),  he  records 
the  occurrence  of  Crag  at  Cromer,  and  westward  at  Coltishall,  and 
around  Norwich.  To  the  eastward,  instead  of  marine  shells,  he 
noticed  that  there  occurred  a  layer  of  ligneous  and  mammalian 
remains  reposing  on  the  Chalk.  In  this,  immense  numbers  of  bones 
and  teeth  of  the  Elephant,  Horse,  Deer,  etc.,  mingled  with  trunks, 
branches,  and  leaves  of  trees,  had  been  found,  extending  even  to  the 
distance  of  twenty  miles  out  to  sea,  and  on  the  Knoll  aands,  eta 
(Proc.  Geol.  Soc.  1829,  voL  i.  p.  93).  In  1829,  he  communicated  a 
short  sketch  of  the  geology  of  the  county  to  the  *<  Norfolk  Tour,^ 
:in  which  he  states  that  in  what  was  subsequently  termed  the 
**  Forest  Bed  "  there  are  found  a  surprising  number  of  vegetable 
•and  animal  remains,  as  trunks,  branches,  leaves,  and  stumps  of  trees 
(la  littt),  etc.    He  had  two  years  previously  (1827)  reoorded  that 
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in  hia  own  ooUeotion  from  the  coast  were  remains  of  Elephant, 
BhinooeroB,  Hippopotamus,  Horse,  Bos,  Irish  Deer,  and  three  other 
ipecies  of  Deer.'  Many  of  these  were  obtained  from  the  oyster* 
baok  off  ELasboro',  which  he  regarded  as  an  extension  of  the 
blue  clay  of  the  cliff.  He  also  observed  that  ''  the  antlers  of  the 
deer  are  broken  into  fragments  of  from  six  to  eight  inches  in  length, 
and  three-fonrths  of  them  had  been  shed,  indicating  that  they  were 
at  present  not  far  removed  from  their  original  locality,  and  appeared 
to  oonfirm  the  tradition  that  this  part  of  the  sea,  called  *  the 
Holmes/  was  originally  a  forest." 

In  a  second  communication  to  Dr.  Fitton  (23rd  March,  1829),  he 
pointed  out  that  "  Wherever  a  section  has  been  made  of  the  Crag 
of  Norwich,  with  one  exception,  there  has  been  found  a  layer  of 
nodular  flints  from  twelve  to  eighteen  inches  in  thickness  reposing 
on  the  Chalk.  Beasoning  from  analogy  he  concluded  that  the 
Chalk  in  these  instances  had  been  subject  to  the  action  of  currents 
of  water  previous  to  the  deposition  of  the  (Crag)  shells;  as  the 
appearance  of  the  flints  perfectly  agrees  with  the  like  phenomena 
going  on  at  Foulness  Point,  Cromer,  and  at  Trimmingham  Beach, 
on  our  coast ;  .  .  •  .  The  Chalk  under  these  flints  is  perforated  as 
if  by  Pholades.'^  These  notes,  although  not  published  at  the  time, 
appeared  later  on  in  the  **  Greology  of  Norfolk." 

In  April,  1829,  he  sent  to  Mr.  Amyot  some  "  Fragments  illus- 
trating the  History  of  Norwich  Castle ; "  and  in  May,  some 
"Observations  on  the  Round  Towers  of  Norfolk,"  for  the  Society 
of  Antiquaries.  At  the  request  of  Mr.  Daniel  Gurney,  he  directed 
his  attention,  in  1825,  to  the  collecting  and  publishing  of  Merchants' 
Marks,  and  later  on  he  exhibited  six  examples  referred  to  dates  between 
1409  and  1608,  which  he  had  drawn  on  stone  ready  for  publication. 

For  some  time  past  his  ''Synoptical  Table  of  British  Organic 
Remains "  had  been  in  preparation,  entailing  much  research  and 
correspondence;  it  appeared  on  1st  July,  1830,  the  list  of  sub- 
scribers numbering  165.  This  work,  naturally,  has  now  been  out 
of  date  long  ago,  having  been  superseded  in  1843  by  the  "Catalogue 
of  British  Fossils,"  by  Professor  Morris,  the  second  edition  of  which 
appeared  in  1854,  now  36  years  since.  Happily  the  Vertebrata 
have  been  brought  up  to  date  by  Messrs.  Arthur  Smith  Woodward 
and  C.  Davies  Sherborn,  but  the  Invertebrata  have  only  been 
partially  listed  in  separate  works,  so  that  much  remains  to  be  done 
in  order  to  complete  our  Catalogue  of  British  Fossils. 

In  1832,  Samuel  Woodward  visited  Mr.  Hudson  Gurney  in 
London,  and  went  the  round  of  the  principal  learned  Societies  with 
him ;  making  the  personal  acquaintance  of  a  number  of  eminent 
geologists  and  antiquaries  whom  he  had  previously  known  by 
correspondence.  He  also  attended  a  conversazione  at  Mr.  (afterwards 
Sir  Roderick)  Murchison's  house,  where  he  met  Dr.  Buckland  and 
Mr.  (afterwards  Sir  Charles)  Lyell,  and  others. 

Tlie  year  1833  saw  the  publication,  on  the  1st  of  May,  of  his 
"Outlines    of    the   Geology  of  Norfolk,"  one  of   the    first  works 
1  See  Rer.  J.  Layton,  Edinb.  Joum.  of  Science,  toI.  vi.  p.  199. 
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describing  the  geology  of  any  English  oounty,  and  one  which  in  its 
plan  and  scope  has  not  at  present  been  superseded.  Much  necessarily 
requires  revision  in  the  classification  of  both  the  strata  and  their 
included  fossils ;  hot  the  work  has  retained  its  place  as  a  standard 
book  of  reference  for  Norfolk.  He  attended  the  meeting  of  the 
British  Association  at  Cambridge  in  1833,  in  company  with  his 
friend  Mr.  Caleb  Rose,  of  Swafifham,  but  they  do  not  appear  to 
have  been  much  gratified  with  their  visit ;  for,  as  his  friend  after- 
wards remarked  in  a  letter,  ''  authorities  were  ponderous,"  and  we 
were  only  "  insignificant  labourers." 

In  this  year  Professor  Sedgwick  was  appointed  a  Canon  of  Norwich 
Cathedral,  and  his  advent  was  indeed  a  happiness  to  the  Norfolk 
geologist.  Dr.  Mantell,  writing  from  Brighton  (December  14th, 
1834),  says :  *'  Believe  me  you  are  most  fortunate  to  have  such  a 
man  near  you ;  it  will  more  than  compensate  for  your  distance  from 
all  the  other  savants  in  England.  1  think  Mr.  Sedgwick  by  far  the 
most  talented  and  splendid  roan  we  can  boast  of.  I  only  wish  we 
had  a  Cathedral  here,  and  he  had  a  stall  in  it" 

During  the  Professor's  residence  in  Norwich,  they  not  unfrequently 
met,  Sedgwick  often  inviting  Woodward  to  the  Close,  and  coming 
occasionally  to  spend  an  evening  at  Grove  Cottage,  to  look  over 
the  treasures  in  his  geological  collection. 

In  February,  18v<5,  he  delivered  a  lecture  on  "  The  Antediluvian 
Topography  of  Norfolk  "  at  an  evening  conversazione  of  the  Norfolk 
and  Norwich  Museum. 

About  this  period  his  health  seems  to  have  been  very  feeble ;  he 
was  suffering  from  a  most  trying  complaint,  diabetes.  At  times  he 
had  to  relinquish  his  duties  at  the  Bank,  and  seek  in  travel  and 
change  of  scene,  a  temporary  alleviation  from  his  indisposition. 
Thus,  on  the  13th  July,  1835,  he  went  by  packet  to  Yarmouth,  and 
thence  to  Hull,  where  be  inspected  the  Hull  Natural  History  Museum 
with  Mr.  W.  H.  Dykes,  and  Mr.  John  Edward  Lee,  the  Curator  of 
the  Museum.  He  next  pix)ceeded  to  Beverley,  and  afterwards  to 
Scarborough,  where  he  met  Mr.  W.  Bean,  Dr.  William  Smith,  and 
Mr.  Williamson,  and  was  shown  the  geology  of  the  coast  by  William 
Smith.  Thence  to  York  to  visit  John  Phillips  and  the  York  Museum ; 
afterwards  to  Leeds,  to  the  Museum  and  to  visit  Mr.  H.  Denny. 
Then  on  to  Preston  to  stay  with  Mr.  Gilbertson,  the  well-known 
collector  of  Mountain  Limestone  fossils.^  Later  on  he  returned  vi& 
Liverpool,  and  made  his  first  railway  journey  from  that  city  to 
Manchester,  thence  to  Nottingham  and  so  through  Derbyshire  by 
Buxton  and  Matlock  to  Derby  and  back  to  Nottingham,  then  on  to 
Newark  and  so  home  vi^  Sleaford,  Lynn,  and  Dereham  to  Norwich, 
a  truly  formidable  journey  in  those  days. 

In  1836  we  find  him  again  in  London,  seeking  health,  though 
mostly  visiting  amongst  friends  and  attending  the  meetings  of 
scientific  societies. 

In  September,  the  Marquis  of  Northampton,  who  was  much 
interested  in  geology,  visited  him  at  Grove  Cottage,  Lakenham,  in 

^  Whose  collection,  like  William  Smith's,  if  now  preeenred  in  the  Britiili  Mnieiim 
(Natural  Historj), 
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order  to  see  his  oollections ;  also  Mr.  Joseph  Prestwicb,  jan.  (after- 
wards Professor  Prestwich,  F.B.S.)  who,  paid  his  first  visit  to  the 
Thorpe  Crag-pits  under  Mr.  Woodward's  guidance,  and  there  obtained 
a  fine  molar  of  BUephas  meridionalis,  now  in  the  Norwich  Museum. 

Althoogfa  liis  bodily  powers  failed  him,  his  mental  energies  never 
oeased  to  display  their  activity,  and  even  at  the  last  he  occupied 
himself  with  numerous  archaeological  subjects,  and  with  the  prepara- 
tion of  a  new  work,  **  Theoretical  View  of  the  Geology  of  the  Norfolk 
Coast,"  a  MS.  which  was  never  published. 

He  was  also  engaged  in  the  preparation  of  his  "History  and 
Antiquities  of  Norwich  Castle,*'  edited,  after  his  death  by  his  eldest 
aon,  B.  B.  Woodward,  F.S.A.,  in  1847;  and  in  gathering  materials 
for  the  "  Norfolk  Topographer's  Manual,"  revised,  augmented,  and 
edited  by  W.  C.  Ewing,  and  published  in  1842.  Nothing  could 
exceed  the  sympathy  and  kindness  shown  to  Mr.  Woodward  during 
his  last  illness  by  all  his  friends,  but  his  malady  baffled  medical 
skill,  and  he  died  on  the  14th  January,  1888,  in  his  48th  year. 

Thus  ended  a  life  of  devotion  to  science,  a  life  whose  published 
works  form  but  a  partial  memorial  of  the  indefatigable  industry  of 
their  author.  "I  believe,"  writes  Prof.  Sedgwick,  "it  is  not  too 
much  to  say  that  his  life  has  been  cut  short  by  his  devotion  to 
•oience,  and  by  his  continuing  (after  4ie  laborious  duties  of  the 
day)  to  spend  hours  in  study,  which  ought  to  have  been  given  to 
rest."  "  His  memory,"  writes  his  eldest  son,  "remains  an  object  of 
reverence  to  his  children,  whose  paths,  by  his  patience  and  toil, 
have  been  made  so  easy  and  pleasant  compared  with  his  own,  and 
of  unfeigned  respect  to  all  who  were  acquainted  with  his  character 
and  his  acquirements." 
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ihnmghont  the  greater  part  of  the  period  which  has  elapsed  sinoe 
the  oommenoement  of  the  sedimentary  period.  The  region  seems 
to  have  undergone  bat  little  oscillation  of  level,  and  such  oscillations 
as  have  taken  place  never  brought  more  than  the  margins  of  the  area 
beneath  the  level  of  the  sea.  With  the  exception  of  the  Aravallis 
before  mentioned,  there  is  no  structural  mountain-range  in  the 
Peninsnlar  area,  and  snoh  tracts  as,  from  their  elevation,  deserve  the 
name  of  mountains,  owe  their  limitations  to  the  action  of  subaerial 
denudation. 

In  contrast  with  this  the  Extra-peninsular  area,  if  we  except  the 
Upper  Tertiary  beds  at  the  top  of  the  sequence  and  the  Archssan 
gneisses  at  the  base,  contains  few  sedimentary  rocks  which  are  not 
of  marine  origin.  Almost  everywhere  they  are  intensely  disturbed, 
ind  the  area  is  essentially  one  of  structural  mountain  ranges,  that  is, 
of  ranges  whose  general  direction  is  closely  connected  with,  and 
caused  by,  the  disturbance  the  beds  have  undergone.  Of  this  area 
we  are  at  present  concerned  with  the  Himalayas,  that  system  of 
mountains  which  rises  abruptly  from  the  plains  of  Upper  India, 
range  beyond  range,  to  the  snow-clad  summits  forming  the  highest 
spots  on  the  surface  of  the  Earth. 

In  the  contour  of  the  two  areas  there  is  a  vast  difference.  The 
Btuface  of  the  Peninsular  area  shows  rounded  outlying  and  gentle 
Blopes,  except  where  the  outcrop  of  hard  or  massive  beds  has  led 
to  the  formation  of  scarps ;  the  gradients  of  the  streams  are  flat,  their 
beds  sandy,  and  seldom  do  they  show  signs  of  active  erosion  of 
their  channels ;  in  fact,  the  Peninsular  area  shows  all  the  features 
of  an  ancient  land-surface,  long  exposed  to  subaerial  denudation, 
in  which  the  streams  and  hill-slopes  have  alike  gone  far  towards 
reachinf]^  a  condition  of  equilibrium. 

The  Himalayas,  on  the  contrary,  are  a  region  of  deep,  steep-sided, 
valleys  and  gorges ;  nearly  everywhere  the  streams  and  rivers  alike 
are  torrents  flowing  over  a  bed  of  coarse  boulders,  everywhere,  with 
bat  local  exceptions,  they  are  evidently  eroding  their  channels, 
while  the  steep  slopes  and  sharp  crests  of  the  ridges,  no  less  than 
the  constant  landslips  and  general  instability  of  the  soil,  betoken 
a  country  in  which  the  action  of  rain  and  frosts  on  the  hill-sides  has 
not  been  able  to  keep  pace  with  the  deepening  of  the  stream -beds 
by  erosion. 

Equally  striking  is  the  contrast  in  the  nature  of  the  boundary  of 
the  two  areas  with  the  Indo-gangetic  alluvium.  To  the  north  the 
Himalayas  rise  abruptly  from  slopes  of  recent  gravels  at  their  base, 
and,  though  there  are  irregularities  of  detail,  the  boundary  as  a 
whole  sweeps  in  a  crescent  curve  from  one  extremity  to  the  other, 
while  there  are  no  outliers  of  the  Himalayan  beds  surrounded  by 
allovium,  nor  are  there  any  long  tongues  of  the  latter  running  up 
into  the  Himalayan  area.  To  the  south  the  rocks  slip  imperceptibly 
nnder  the  alluvium,  so  much  so  that  different  observers  have  differed 
by  miles  in  the  boundary  they  drew  between  the  alluvium  and  the 
older  rock  ;  the  boundary  exhibits  every  variety  of  irregiilarity, 
long  tongues  of  alluvium  run  up  the  various  river  valleys  far  into 
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tbe  rook  area,  and,  to  crown  all,  there  are  ootliers  innumerable  of 
the  peninsular  rooks  standing  np  from  the  alluvial  plain. 

These  last  contrasts  between  the  two  areas  are  shown  even  on 
a  good  topographical  map ;  but  that  now  to  be  mentioned,  the  most 
important  of  all,  can  only  be  seen  on  one  that  is  geologically 
coloured. 

Along  its  southern  boundary  the  alluvium  is  in  contact  with  rocks 
of  various  ages ;  but  to  the  north,  with  the  exception  of  a  short 
distance  in  Sikkim,  a  zone  of  rocks  of  Tertiary  age  separatea  the 
alluvium  on  the  one  hand  from  the  pre-Tertiary  rocks  of  the 
Himalayas  on  the  other.  In  a  word,  the  southern  boundary  is  due 
to  the  freaks  of  denudation  and  alteration  of  level,  while  the 
northern  is  a  structural  boundary ;  and  this  will  be  made  still 
more  evident  when  we  come  to  consider  in  more  detail  that  band 
of  Tertiary  deposits  which  forms  the  southern  margin  of  the 
Himalayas,  and  has  so  important  a  bearing  on  the  subject  with 
which  Uiis  paper  deals. 

Part  L     The  Facts. 

The  Tertiaries  of  tbe  outer  Himalayas  present  a  marked  similarity 
of  type  along  the  whole  extent  of  the  range,  but  the  sequence  is 
not  everywhere  equally  complete.  In  the  extreme  north-west  there 
is  a  great  series  of  beds,  ranging  from  the  marine  Nummulitics  at 
the  base  to  the  subaerially  deposited  Pliocene  conglomerate  sand- 
stones and  clays  at  the  summit  They  were  divided  by  Mr.  Wynne, 
who  examined  this  country,  as  follows : ' — 

1.  Upper  Siwalik,  aboat  4000  feet;  brown  drab  or  reddish  clays,  soft  grey  sand- 
stones, conglomerates. 

2.  Lower  Siwalik,  about  10,000  feet ;  soft  grej  sandstones  and  brown  and  grey 
clays,  many  red  clays. 

3.  Murree  beds,  average  7500  feet ;  harder  grey  sandstones  with  soft  sones,  red 
or  purple  clays. 

4.  Nummulitic,  upper  800  feet ;  greenish  grey  and  purple  sandstones,  grey,  oli?e- 
brownish,  red  and  variegated  clays  with  masses  of  gypsum. 

5.  Nummulitic  limestones  with  shales  and  coal  at  \ase, 

Tbe  series  is  said  to  be  parallel  and  conformable  from  the  pale 
limestones  upwards  to  the  top  of  tbe  Siwaliks. 

The  series  in  the  Jamu^  (Jummoo)  bills  appears  to  be  practically 
the  same,  except  that  the  Nummulitic  Limestone  is  mnch  less 
developed. 

In  the  Simla  region  the  Tertiaries  are  divided  into  two  distinct 
areas,  in  which  the  beds  are  of  different  ages,  though  they  may 
slightly  overlap  each  other.  The  first  area  forms  part  of  the  lower 
Himalayas  and  the  beds  constitute  the  so-called  Sirmur  series, 
divided  into 

1.  The  Easaoli  group ;  grey  sandstones,  sandy  shales,  and  shales  containing  plant- 
remains. 

2.  The  Dagshai  group ;  hard,  fine-grained  sandstones  and  red  or  purple  nodular 
shales,  the  former  preruling  in  the  upper  and  the  latter  in  the  lower  part  of  the 
group. 

>  Records  Geol.  Surv.  India,  vol.  x.  p.  112  (1877). 
'  Mem.  GeoL  Sutt.  India,  toL  xzii.  chap.  t.  (1883). 
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8.  The  Subathn  ffroap ;  oliTe  gr^aen,  my  and  red  thalea  and  anbaidia^  banda  of 
nadftoDe  and  argil&oeons  limestone,  with  a  coal-aeam  and  a  peculiar  ferroginooa 
bed  at  the  baae.     It  containa  lYanunnlitea  and  other  marine  foasiu. 

The  second  area,  forming  part  of  the  sub-Himalayas,  is  divided 
from  the  Sirmnr  series  by  a  great  faalt,  and,  in  many  places,  by 
a  narrow  strip  of  pre-Tertiary  beds ;  the  series  may  be  divided  as 
follows : 

1.  Upper  Siwalik ;  aoft  aandatonea  or  aandrook,  eonglomeratea  and  aome  claya. 

2.  Lower  Biwalik;  aoft  sandstones  or  occasionally  pebbly  sandstones,  and  clays 
mostly  ney,  but  sometimes  tinged  with  red,  especially  in  the  lower  part  of  the  gronp. 

3.  Xahan  group ;  firm  or  hard  sandstones  interbedded  with  clays  generally  nodular 
and  of  a  bri^t  red  colour,  which  are  more  abundant  in  the  lower  part  of  the  group 
than  in  the  upper.  ^ 

The  series  in  the  two  areas  combined  appears  to  be  much  the  same 
as  in  the  Mnrree  hills.  The  Nummalitio  Limestone  is  not  developed, 
and  the  marine  deposits  are  much  less  in  thickness ;  bnt  there  can 
be  no  doubt  that  the  Subathu  group  represents  the  Nummulitic 
groups  of  Mr.  Wynne.  The  Dagshai  and  Murree  groups  oorre- 
ipond  so  closely  in  mineral  character  and  stratigraphical  position 
that  there  can  be  no  risk  of  error  in  correlating  them,  while  the 
two  upper  groups  in  the  north-west  are  evidently  the  equivalents 
of  the  three  groups  in  the  sub-Himalayas  of  the  Simla  region  and 
possibly  in  part  of  the  Kasaoli  group  of  the  Sirmur  series. 

To  the  east  of  the  Ganges  there  are  a  few  small  outliers  of  the 
Sabatba  group  faulted  and  folded  among  the  pre-Tertiary  beds  near 
their  southern  boundary ;  but  with  this  exception  the  only  Tertiary 
beds  known  here  or  to  the  eastwards  are  confined  to  the  Nahan  and 
Siwalik  groups.' 

Besides  these  Tertiaries  of  the  Outer  Himalayas,  beds  of  the  same 
age  are  known  to  exist  at  several  places  to  the  north  of  the  main 
snowy  range ;  but  it  is  only  in  Cashmere  territory  that  they  have 
been  examined  in  any  detail.  In  the  Upper  Indus  Valley  the 
Nammulitics  may  be  briefly  described  as  consisting,  at  the  base,  of 
coarse-grained  sandstones,  arkose  beds  and  conglomerates,  considered 
by  Mr.  Lydekker  to  be  of  glacial  origin;  they  are  certainly  of 
littoral  origin,  and  indicate  the  close  proximity  of  the  original  limit 
of  deposition.  Above  these  come  red,  and  green  and  grey  shales,  of 
very  similar  type  to  those  of  the  Subathu  group,  interbedded  with 
limestones :  while  at  the  top  the  series  consists  of  a  great  thickness 
of  beds,  mainly  volcanic  in  their  origin  and  basic  or  ultrabasic  in 
composition.' 

The  coarse-grained  beds  of  littoral  origin  are  confined  to  the 
north-eastern  boundary  of  the  exposure,  whose  south-western 
boundary  is  marked  by  great  disturbance,  and  is  in  effect  a  faulted 
one.  It  seems  then  that  to  the  north-east  the  original  limit  of 
deposition  was  not  far  removed  from   the  present  boundary,  but 

^  Comp.  Medlicott,  Mem.  Oeol.  Surr.  India,  toI.  iii.  part  2,  chaps.  L  and  iii. ; 
ilso  Manual  of  Geology  of  India,  Tol.-ii.  chap.  xxii. 

*  Oldham,  Rec.  GeoL  Sunr.  India,  vol.  xrii.  p.  161  (1S84) ;  Middlemiss,  Mem. 
Geol.  Surr.  India,  toI.  xxiv.  part.  ii.  1890. 

'  Mem.  Geol.  Sunr.  India,  toI.  xxii.  chap.  t. 
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'pst  there  la  no  iodicatiou  of  the  original    limit  of 
1  the  uniall  nutlifr  in  the  Singhe  La,  between  Zanitkar 
Viilley.  is  describeil  by  Mr.  Lft  Touche  as  conMisting 
leNtooe,  resting  directly  on  the  Seoondary  qiiartzites 
Lervention  of  any  beds  of  a  littoral  or  shallow- water 

13  aoiithwards,  and  it  may  be  that  the  sea  extended 
of  the  Himalayan  area  between  this  and  the  outcrops 
1  group,  as  it  oertainly  must  have  done  over  a  con- 
m  of  it. 

fly  reviewed  tbe  geology  of  tbe  Himalayas  bo  far  m 
make  what  follows  inleiligible,  we  must  now  enter 
consideration  of  the  evidence.     It  is  not,  bowerer. 

ve  here  anything  resembling  a  complete  account  of 
tlie  Uiiualnyas,  for  such  would  be  impossible  in  (he 

;,  but  merely  to  notice  such  [)oinlB  as  bave  a  special 

1)  Ibe  age  and  elevation  of  the  Himalayas. 

lat  important,  most  palpable  and  unmistakeable  point 

1  did  not  exist  a^  a  distinct  mountain  range,  or  at 
le  Himalayan  system  of  disturbance  had  commenced, 
ended  north-west  of  a  line,  drawn  transverse  to  the 
li    tbe  debouchure   of  tbe    Ganges.     This   is   amply 
occurrence  of  marine  nummtilitics  in  the  heart  of  tbe 

JB«  2>.  Oldham — EasayB  in  Tlieoretieal  Oeology.  13 

shows  that  the  pre-Teriiary  distnrbanoe  was  transyerae,  and  did  not 
belong  to  that  which  has  resulted  in  the  elevation  of  the  Himalayas. 
It  may  be  that  in  Eumaon  and  Qarhwal  this  last  had  already 
Qommenoed  when  the  Nummalitios  were  being  deposited  and  only 
extended  to  the  north-west  at  a  later  period;  but  there  is  no 
evidence  to  show  that  it  oould  have  comnienoed  before  the  end  of 
the  Secondary  period ;  and  the  early  Palasozoio  or  still  earlier  date, 
to  which  Mr.  Middlemiss  would  seem  inolined  to  refer  the  first 
origin  of  the  Himalayas  as  a  mountain  range,  is,  to  say  the  least, 
extremely  improbable. 

Besides  the  stratigraphical  evidence  of  the  absence  of  disturbance, 
there  is  everywhere,  from  the  Jamu  Hills  to  the  outliers  east  of  the 
Ganges,  a  peculiar  pisolitic,  ferruginous  bed,  which  invariably  occurs 
at  the  base  of  the  Subathu  group.  In  mineral  and  chemical  character 
this  closely  resembles  the  laterite  of  the  Peninsula  and  the  laterite 
beds,  which  occur  interbedded  with  the  Nummulitics  of  Gutoh  and 
Sind,  and  must  probably  be  referred  to  the  same  source  of  origin. 
The  origin  of  the  laterite  of  the  Peninsula  is  still  a  vexed  question, 
which  has  been  much  complicated  by  the  very  loose  manner  in 
which  the  term  has  been  used ;  but  the  balance  of  evidence  seems 
to  show  that  the  true  laterite  is  in  some  way  or  other  connected 
with  the  Deocan  Traps,  and  is  directly  or  indirectly  the  result  of 
an  alteration  of  them  or  their  detritus.  If  this  same  source  of 
origin  is  accepted  for  the  ferruginous  bed  at  the  base  of  the  Subathu 
group,  it  follows  that  the  present  distinction  between  Peninsular  and 
Extra-peninsular  areas  had  not  been  established  in  Eocene  times, 
and,  oousequently,  that  the  system  of  disturbance  of  which  it  is  the 
result  must,  at  the  outside,  only  have  commenced  when  the  Subathu 
group  was  being  deposited. 

In  this  connection  the  occurrence  of  Gondwana  rocks  of  Penin- 
aolar  type  in  Sikkim  and  the  Eastern  Himalayas  is  important. 
Unfortunately  nothing  is  known  of  the  great  area  of  Nepaul,  which 
occupies  the  middle  third  of  the  length  of  the  Himalayas;  but 
Sikkim  cannot  in  any  way  be  regarded  as  a  terminal  area,  and  the 
occurrence  of  Peninsular  beds  of  latest  Palaeozoic  or  early  Secondary 
age*  shows  that  the  present  limits  between  the  Peninsular  and 
Himalayan  areas  cannot  have  been  established  until  the  Secondary 
period  at  the  earliest 

A  further  insight  into  the  history  of  the  commencement  and 
progress  of  the  elevation  of  the  Himalayas  may  be  derived  from  a 
itndy  of  the  structure  of  the  sub- Himalayan  ranges. 

In  the  region  west  of  the  Jhelum  the  structure  of  the  ground 
does  not  enable  us  to  decide  with  certainty  at  what  date  the 
Himalayan  system  of  disturbance  invaded  that  area;  but,  so  far 
as  can  be  judged,  the  beds  appear  to  have  undergone  but  little 
compression  till  towards  the  end  of  the  Tertiary  period. 

In  the  Jamu  Hills  we  find  the  typical  sub-Himalayan  structure 

'  Mallet,  Mem.  Geol.  Surv.  India,  vol.  xi.  part  i. ;  see  also  Godwin- Austen, 
Joorn.  Asiatic  Soc.  Bengal,  part  ii.  toI.  xxxviii.  p.  151 ;  La  Touche,  Records  Greol. 
Suit.  India,  vol.  zviii.  p.  121. 
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ham  eommeoced^  though  not  so  fiillj  derelaped  am  further  to  the 
•ooth-eMt.  Next  to  the  pre-Tertiary  rocks  of  the  HimaUjas  proper 
oomes  a  broad  zone,  principally  formed  of  the  Morrce  group, 
at  the  enter  margin  of  which  rise  some  inliers  of  pre-Tertiary 
(Carboniferoos  ? j  limestone,  overlaid  hj  the  marine  Sobatha  group, 
while  near  the  inner  boundary,  with  the  pre-Tertiaiy  rocks,  there 
are  some  outliers  of  Upper  Siwalik  days  and  conglomerates.  The 
general  section  from  S.W.  to  N.E.  is  therefore  an  asoending  one, 
and  both  boundaries  of  this  zone  are,  in  effect,  great  &ult8  with 
an  upthrow  on  the  Himalayan  side.  Between  this  zone  of  Murree 
beds  and  the  alluvium  of  the  plains  there  oomes  a  band  of  Upper 
Tertiaries,  which,  on  the  only  published  maps,  are  divided  into  an 
inner,  older,  and  an  outer,  newer  zone ;  but  there  is  no  indication  of 
the  nature  of  the  boundary. 

After  leaving  the  Jamu  Hills,  the  zone  of  Lower  Tertiaries 
becomes  much  restricted  in  width,  till  we  reach  the  Simla  region. 
Here  the  Lower  Tertiaries,  forming  the  Sirmur  series,  are  distinctly 
separated  from  the  Upper  Tertiaries  or  Nahan  and  Siwalik  groups. 
The  boundary  is  a  great  reversed  fault,  and  along  nearly  the  whole 
length  of  it  the  two  divisions  are  not  in  contact,  but  separated  by 
a  band  of  pre-Tertiary  slates  and  limestones.  The  beds  of  the 
Sirmur  series  have  partaken  of  the  intense  disturbance  of  the 
pre-Tertiary  beds,  with  which  they  are  folded  up  in  the  most  com- 
plicated manner,  and  the  northern  boundary  is  no  longer  a  single 
well-defined  fault,  to  the  north  of  which  there  are  no  outliers.  But 
the  most  important  point  to  notice  is  that  in  the  area  occupied  by 
the  Sirmur  series  there  is  no  trace  of  the  Upper  Tertiary  groups, 
which  were  either  never  deposited  or  have  been  completely  removed 
by  denudation. 

Still  further  to  the  south-east,  the  small  outliers  in  Oarhwal  only 
exhibit  the  remains  of  the  Subathu  group,  no  representative  of  the 
two  Upper  groups  of  the  Sirmur  series  being  found. 

The  explanation  of  these  facts,  which  has  been  adopted  by  every 
observer  of  the  ground  in  question,  is  that  the  disturbance  of  the 
Himalayas  gradually  advanced  from  S.E.  to  N.W.,  and  that  the 
missing  upper  groups  were  never  deposited  over  the  outliers  owing  to 
the  elevation  resulting  from  this  disturbance.  There  is  ample 
corroborative  evidence  to  prove  the  truth  of  this  hypothesis ;  but 
the  same  result  is  arrived  at  even  if  we  suppose  that  the  full 
sequence  of  deposits  was  formed  everywhere  alike,  for  the  condition 
of  the  Simla  area  is  such  as  would  result  from  a  greater  elevation 
and  denudation  of  the  Jamu  area,  while  the  outliers  in  Garhwal 
might  result  from  a  still  further  extension  of  the  same  processes. 
But  as  both  elevation  and  denudation  take  time,  and  as  the  con- 
ditions of  the  three  areas  with  regard  to  denudation  at  least  are 
substantially  similar,  we  reach  the  same  conclusion  as  before,  that 
the  elevation,  and  consequently  the  denudation  of  the  Garhwal  area 
must  have  oommenced  before  that  of  the  Simla  area,  and  this  again 
before  that  of  the  Jamu  Hills. 

Before  passing  on  to  a  consideration  of  the  evidence  of  the 
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k  giToups,  it  will  be  well  to  briefly  e3camine  tbe  nature  and 
lation  of  tbe  deposits  now  being  formed  along  tbe  foot  of  tbe 
layaa.  Along  the  outer  margin  of  the  bills  there  is  every- 
\  a  zone  of  gravel  and  boulder  deposits ;  near  tbe  debouobure 
le  great  rivera  this  consists  of  well-rounded  fragments  of 
dline  rocks,  qoartsite,  and  some  limestone;  where  there  are 
ige  rivers,  the  fragments  are  less  rounded,  and  consist  of  tbe 
ezpoaed  within  tbe  drainage-area  of  tbe  streams  flowing  down 
the  hills.  Tbe  similarity  of  these  gravels  to  those  brought 
I  at  the  present  day,  and  tbe  fact  that  their  diversity  is  matched 
lat  of  the  gravels  of  the  existing  streams,  leaves  no  room  for 
b  that  they  deposited  the  gravels  even  in  those  districts  where 
have  since  cut  deep  channels  through  their  old  deposits, 
itside  the  zone  of  boulders  and  gravel  comes  a  region  of  sands, 
lious  degrees  of  fineness,  and  outside  this  again  tbe  clays  and 
lilts  which  form  the  bulk  of  the  Gkingetic  alluvium. 
must  not  be  understood  that  this  division  into  three  zones  is 
Late.  Sand  and  clay  are  occasionally  found  close  up  to  the  foot 
le  hills,  even  near  tbe  debouchures  of  the  great  rivers,  but  none 
less  it  truly  represents  the  general  disposition  of  the  recent 
Mits.  The  width  of  tbe  zones  is  not  constant,  and  the  boulder 
gravel  zone  in  particular  expands  opposite  tbe  debouchures  of 
great  rivers.  With  all  these  local  variations  the  main  fact 
aiuH,  that  on  any  line  drawn  transverse  to  the  boundary  of  bill 
plain,  the  deposits,  omitting  minor  variations  and  local  excep- 
ts, decrease  in  coarseness  as  we  pass  away  frqm  the  hills,  that  the 
rse  deposits  of  gravel  and  boulders  are  confined  to  the  immediate 
^hbourhood  of  the  boundary,  and  that  it  is  only  near  the  debou- 
re  of  tbe  principal  rivers  that  these  are  composed  of  large  and 
1-rounded  fragments  of  hard  crystalline  and  metamorphic  rocks.^ 
Returning  now  to  the  Siwalik  deposits,  we  find  that  the  same 
.tion  between  the  composition  of  the  gravels  and  the  existing 
inage  system  which  is  exhibited  by  the  recent  deposits  of  tbe 
them  margin  of  the  plains,  has  also  been  noticed  by  every 
srver  in  tbe  conglomerates  of  Upper  Siwalik  age. 
n  the  neighbourhood  of  the  Jumna  and  Ganges  rivers  we  find 
reat  development  of  conglomerates,  composed  of  well-rounded 
Iders  of  crystalline  and  metamorphic  rocks.  East  of  tbe  Ganges, 
re  comes  a  tract  where  tbe  watershed  is  only  a  few  miles  removed 
n  the  edge  of  the  hills,  and  coincident  with  this  there  is  a  narrow- 
of  tbe  Siwalik  zone,  and  a  cessation  of  the  thick  deposits  of 
dstone  and  conglomerate,  till  the  Ramganga  and  Eosi  rivers 
reached.  Here  the  Siwalik  beds  again  attain  a  great  width  and 
}kness,  and  there  is  a  large  development  ot  conglomerates.' 
a  the  country  between  tbe  Ganges  and  tbe  Jumna  the  con- 
merates  are  largely  developed  and  extend  for  some  little  distance 

Boulder  gravels  compofied  of  well-ronnded  blocks  of  hard  rock  are  also  found 
tie  beds  of  strfamB  draining  from  the  Upper  Siwalik  conglomerates ;  but  such 
ptions  are  obTious. 
Middlemiu,  Mem.  GeoL  Surv.  India,  vol.  xxiv.  pt.  2. 


-  j,.cviiience  of  conglor 
dua  their  absence  away  from  them,  cc 
Jlielum.* 

This  peculiarity  in  the  distribution  oi 
shows  that  not  only  are  the  Siwalik  be 
that,  when  they  were  formed,  the  Himal 
region  whose  main  features  of  hydrograph 
out,  and  further  the  occurrence  of  coarse  < 
only  have  been  deposited  in  the  immedi 
limit  of  hill  and  plain,  shows  that  the 
former  must  at  that  time  have  been  appn 
present  boundary   between    the  rocks  of 
the  Siwalik  series. 

Taking  all  these  considerations  into  acconr 
inevitable  that  the  Siwalik  beds  were  deposi 
conditions  similar  to  those  of  the  recent  de^ 
the  Himalayas;  that  the  latter  existed  as  i 

E arable  to  that  now  existing,  in  which  t 
ydrography  had  already  been  marked  out 
the  original  northerly  extension  of  the  Siv 
far  overstepped  their  present  northern  boun 
The  thickness  of  these  subaerially  formed  I 
but  is  always  great ;  from  ten  to  twenty  th( 
more  in  places;  and  as  they  now,  after  hi 
disturbed  and  elevated,  do  not  occur  at  a  h€ 
thousand  feet  above  the  sea,  it  is  evident  t 
deposited  in  an  area  of  continuous  8ubsiden< 
kept  pace  with  the  deposition.  On  the  oth 
area,  as  I  shall  subsequently  show,  has  1^'^'^** 
elevation  throucrhon*  ♦»--  "^ 
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the  Tertiary  and  pre-Tertiary  formations.  In  Mr.  Medlioott's  memoir 
this  great  fault  was  called  the  "  main  boundary  " — a  name  which  has 
been  found  so  convenient  that  it  has  frequently  since  been  used  ia 
the  publications  of  the  Oeologioal  Survey  of  India,  and  will  be 
retained  here  in  the  sense  indicated  above. 

This  main  boundary  fault  is  almost  everywhere  a  clean  cut 
fracture,  generally  reversed,  and  as  a  rule  the  rocks  on  either  side 
show  little  or  no  signs  of  that  crushing  which  one  would  expect  to 
have  accompanied  so  great  a  displacement.  As  we  have  seen,  it 
marks,  approximately  at  least,  the  limit  between  what  was,  in 
Siwalik  times,  an  area  of  subsidence  and  an  area  of  elevation,  and 
it  is  not  unreasonable,  on  this  ground  alone,  to  suppose  that  it  was 
the  actual  boundary,  and  formed  fori  pa98U  with  the  deposition  of 
the  beds  to  the  south. 

But  the  main  boundary  is  not  the  only  fault  of  its  kind,  though 
the  most  remarkable ;  for,  both  in  the  Himalayan  and  sub-Himalayan 
areas,  there  are  similar  great  faults  with  an  upthrow  on  the 
Himalayan  side,  which  have  been  held  to  mark  successive  stages 
in  that  southerly  advance  of  the  margin  of  the  hills,  which  is 
sufficiently  proved  by  the  elevation  of  the  Siwalik  beds,  originally 
deposited  in  the  plains  along  the  foot  of  the  Himalayas. 

This  supposition  derives  considerable  support  from  a  consideration 
of  the  nature  of  the  boundary  between  the  disturbed  Upper  Siwaliks 
and  the  recent  deposits  of  the  plains.  With  a  few  exceptions  where 
uppermost  Siwalik  conglomerates  dip  towards  and  under  the  recent 
gravels,  the  boundary  is  a  well-defiued  one,  and  the  undisturbed 
recent  gravels  are  in  contact  with  disturbed  sandstones  from  which 
several  thousand  feet  of  overlying  strata  have  been  removed  by 
denudation.  There  are  no  great  irregularities  of  the  boundary  or 
deep  embayments  of  the  recent  deposits,  such  as  would  result  from 
a  subsidence  of  the  hills  and  an  encroachment  of  the  recent  deposits, 
such,  in  fact,  as  are  seen  on  the  southern  margin  of  the  alluvium. 
Tlie  beds  of  which  the  hills  are  formed  are  precisely  similar  in 
character,  and  were  deposited  under  circumstances  identical  with 
those  of  the  present  submontane  deposits ;  and  this,  taken  in  con- 
junction with  the  outline  of  the  boundary,  leads  one  naturally  to  the 
conclusion  that  the  latter  is  a  structural  one,  and  that  the  hills 
have  slowly  and  contemporaneously  been  undergoing  elevation  and 
denudation.  At  the  same  time  the  greater  bulk  of  the  debris 
washed  down  from  them  has  been  deposited  near  their  foot,  and,  to 
make  room  for  this  vast  quantity  of  debris,  the  latter  area  must 
have  been  slowly  subsiding.  We  have  consequently,  in  close 
contiguity  with  each  other,  an  area  which  has  been  subject  to 
elevation,  and  one  which  has  been  subject  to  depression,  the 
boundary  between  the  two  being  necessarily  analogous  to  those 
faults  with  an  upthrow  to  the  north  which  intersect  the  sub- 
Himalayan  region,  and  to  the  great  boundary  fault  which  limits  it 
on  the  north.' 

^  This  question  is  more  fully  treated  by  my  colleague,  Mr.  Middlemiss,  in  his 
recently  published  memoir,  Mem.  6eol.  Sorr.  Ind.  vol.  xxir.  pt.  ii. 
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In  all  the  sections  of  the  sab-Himalayan  beds  there  is  a  marked 
and  steady  increase  in  coarseness  of  texture  as  we  ascend  the  section. 
This  feature  is  everywhere  obeenrable  in  the  sub-Himalayan  sections, 
and  even  in  the  Sirmnr  series  of  the  Simla  Hills  there  is  a  steady 
increase  in  the  proportion  of  sand  to  shale  from  the  purely  argilla- 
ceous Subathu  group  to  the  chiefly  arenaceous  Kasaoli  group.  This 
gradual  upward  increase  in  coars^iess  of  texture  on  any  one  section 
is  an  inevitable  result  of  the  gradual  southward  extension  of  the  hill 
area;  for  by  it  the  region  of  fine-grained  silts  is  brought  within 
reach  of  the  sand,  and,  finally,  of  the  shingle  depoeits.  But  besides 
the  increase  in  coarseness  of  texture  on  each  section,  it  is  an  indubit- 
able fact  that  the  texture  of  the  coarsest  beds  of  each  group  or 
division  increases  with  its  decrease  in  age,  and  this  appears  to  me  to 
be  due  to  a  gradual  increase  in  the  average  size  of  the  debris  brought 
down  by  the  Himalayan  streams. 

I  have  already  shown  that  in  Eocene  times  the  North- West 
Himalayas  did  not  exist,  and  that  in  Siwalik-Pliooene  times  there 
was  a  mountain  range  whose  hydrography  agreed  with  that  of  the 
present  day  in  its  main  features,  and  that,  to  judge  by  the  nature  of 
the  burden  carried  by  the  rivers,  this  range  most  have  been  com- 
parable in  elevation  and  extent  to  the  present  Himalayas.  During 
the  Tertiary  period,  then,  the  Himalayas  were  in  process  of  elevation, 
and  it  is  natural  to  suppose  that,  during  the  earlier  part  of  this 
process,  the  gradients  of  the  streams  and  their  powers  of  trans- 
portation would  be  less  than  at  a  later  period,  and  that«  consequently, 
no  great  deposits  of  coarse  gravel  could  be  found.  This  supposition 
derives  great  support  from  the  fact  that  throughout  the  great  thickness 
of  the  Dagshai  and  Kasaoli  groups,  and  of  fiie  Murree  group,  not  a 
single  pebble  has  been  found,  while  with  one  very  doubtful  excep- 
tion *  no  conglomerates  of  Nahan  age  are  known. 

In  the  foregoing  passages  it  has  been  tacitly  assumed  that  elevation 
has  always  been  accompanied  and  caused  by  disturbance  of  the  beds 
elevated,  and  such,  in  the  main,  is  the  case.  There  are,  however, 
recent  undisturbed  gravels  which  rise,  in  the  sob-Himalayan  region, 
to  heights  of  500  feet  above  the  present  river-beds  and  seem  to 
indicate  that  there  has  been  a  certain  amount  of  elevation  unaccom- 
panied by  disturbance  of  the  horizontality  of  the  beds  elevated.  So, 
too,  the  fossUiferous  Pleistocene  deposits  of  Hnndes  have  probably 
been  elevated  without  disturbance  to  some  extent,  though  not  so 
mndi  as  was  supposed  by  the  earlier  observers.*  With  these  sub- 
sidiary exceptions,  which  do  not  affect  the  general  principle,  it  is 
true  diat.  in  the  Himalayas,  elevation  has  always  been  a  result  of 
the  compression  and  disturbance  of  the  beds  elevated. 

^  Vem.  Geol.  Snrrer  India,  toI.  iii.  put  ii.  p.  13d. 

'  Lyilekker,  Ree.  GeoL  Snrrej  of  Indii,  rol.  xiv.  pp.  178-183  (1881). 

{To  hi  wntinued.) 
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III. — The  Motion  of  Lahd-ios. 

By  J.  O.  OooDCHiLD,  F.6.S.,  of  H.M.  Oeol.  Smrej, 
Lecturer  on  Geology  and  Palaeontology  at  the  Heriot-Watt  College. 

AMONGST  the  many  usefnl  tables  given  in  Prof.  Prestwich's 
"  G^logy  "  is  one  on  the  expansion  and  oontraotion  of  ice 
under  variations  in  temperature  (vol  i.  pp.  139  and  183).  The  table 
in  question  is  abbreviated  from  one  of  greater  length,  which  was 
published  in  the  year  1845  by  Carl  Bninner  von  Wattenwyll  in  the 
AjumUs  de  Chimie  ei  de  Physique,  3°^  ser.  tome  14,  pp.  369-378, 
under  the  title  of  **  Experiences  sur  la  densite  de  la  glaoe  a  differentes 
temperatures."  The  author  of  the  paper  referred  to  made  an  ex- 
tensive series  of  observations  upon  the  contraction  of  ice  under 
Tarions  temperatares  below  the  freezing-point ;  and  he  proved  con- 
clusively that,  under  these  circumstances,  the  oontraotion  of  ice 
exoeeds  that  of  all  other  solid  bodies  that  had  (up  to  the  date  of 
the  paper)  been  studied  in  this  connection.  Taking  the  density 
of  pure  water  at  0^  Gentigraile  as  unity,  then  the  contraction  in 
question  for  a  fEdl  of  each  degree  Centigrade  is  expressed  by  the 
decimal  figures  in  the  right-hand  column  of  the  following  table 
(op.  eU.  p.  378)  : — 


Temperature. 

Denilt  J  of  lee. 

Tempenture. 

Deniityof  lee. 

0°  Centigrade. 

0-91800 

—11  Centigrade. 

0-91924 

—1 

0*91812 

—12 

0-91935 

—2 

0-91823 

—13 

0-91946 

-3 

0-91834 

—14 

0-91967 

—4 

0-91845 

—  15 

0-91968 

—6 

0-91856 

—  16 

0-91980 

-6 

0-91868 

—17 

0-91991 

-7 

0-91879 

—18 

0-92002 

—8 

0-91890 

—19 

9-92013 

-9 

0-91901 

—20 

0-92025 

—10 

0-91912 

In  oonnexion  with  this  table  the  author  adds  that  the  mean 
contraction  for  a  fall  in  temperature  of  every  degree  Centigrade  is 
0-0000375,  or  Tirfjnr. 

If  the  density  of  the  ice  increases  from  0*91800  at  the  freezing- 
point  to  0-92025  as  the  temperature  falls  to  — 20°  Centigrade,  then, 
of  course,  the  density  will  diminish,  or,  what  is  the  same  thing, 
the  bulk  will  increase,  proportionately,  as  the  temperature  of  the 
ioe  rises. 

M.  Brunner's  testimony  does  not  stand  uncorroborated ;  for  Prof. 
Prestwich  adds  to  his  summary  of  the  paper  (Geology,  vol.  i.  pp. 
139, 140)  some  important  observations  by  Dr.  Rae  upon  the  ice  of 
the  Arctic  American  lakes,  which  bear  upon  the  same  question. 
These  observations  prove,  beyond  the  possibility  of  doubt,  that  ice 
does  contrax^t  greatly  under  low  tempei'atures ;  and,  also,  that  as 
the  temperature  rises  towards  zero  Centigrade,  the  ice  does  undergo 
a  oorresponding  increase  in  volume. 
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Professor  Prestwicb,  in  somniariziDg  tbe  results  of  tbese  obser- 
vations, points  ont  the  importanoe  of  their  bearing  upon  theories  of 
glacier  motion ;  bat  in  doing  so  he  takes  into  account  the  effects 
of  changes  of  temperature  of  ice  arising  only  from  what  one  may 
term  subaerial  causes.  These  causes,  diurnal,  or  seasonal,  etc., 
Tariations  of  temperature  must,  of  course,  play  a  very  important 
part ;  but  their  effects  are  most  marked  at  or  near  the  surface,  and 
cannot  directly  affect  the  movements  of  the  lower  parts  of  the  ice  to 
any  appreciable  extent. 

But  differences  in  temperature  of  large  bodies  of  land-ice  are 
not  by  any  means  necessarily  connected  with  the  effects  of  solar 
heat,  or  of  other  causes  acting  from  the  upper  surface  of  the  ice 
downwards.      However  low  the  surface  temperature  of  a  thick 
mass  of   ice  may  fall,  its  internal  temperature  will   not  every- 
where be  the  same  as  at  the  surfiice.     Observation  and  experiment 
alike  have  proved  that  the  cold- waves  (those  below  0^  Centigrade) 
affect  the  surface  layers  most,  and  that  their  effects  become  less 
and  less  marked  as  the  cold-waves  are  propagated  further  into 
the  ice.     Eventually,  the  cold- waves  travel  downwards  to  a  zone 
where  they  hardly  lower  the  temperature  of  the  ice  at  all.     The 
position  of  this  zone  in  relation  to  the  surfiEM»  varies,  of  course, 
with  the  degree  of  cold  prevailing  at  the  particular  place  under 
observation.     There  is  thus  within  every  thick  mass  of  land-ice 
a -zone  below  which  diurnal  or  seasonal  variations  of  temperature 
may  be  said  to  produce  no  appreciable  effect     Above  that  zone, 
when  the  temperature  falls  below  the  freezing-point,  contraction 
takes  place.     Where  the  cold  is  most  felt,  i.e.  at  the  surface,  the 
contraction  is  greatest,  and  there  the  ice  snaps,  unless  the  downhill 
flow  of  the  adjoining  ice  at  a  higher  level  is  sufficient  to  relieve  the 
tension.    From  the  surface  such  cracks  extend  downward,  gradually 
diminishing  in  width  as  the  downward  effects  of  the  cold- waves 
diminish,  until  they  die  out  altogether  and  terminate  downward  in 
unbroken  ice.  Water  flows  into  the  cracks,  freezes,  and  the  expansive 
force  thus  exerted  helps  to  thrust  forward  the  ice  on  the  downhill 
side,  or  wherever  else  may  happen  at  that  spot  to  be  the  direction  of 
least  resistance ;  and  in  this  way  the  ice  is  made  to  flow.     A  rise  of 
temperature  brings  about  a  general  expansion  of  the  upper  part 
of  the  ice,  and,  consequently,  also  forces  it  to  flow  in  the  direction 
of  least  resistance  from  this  cause  as  well  as  from  the  others. 

But  a  flow  of  the  surface  layers  of  ice—extending  downward  at 
the  most  perhaps  not  more  than  a  few  hundred  feet— will  hardly 
satisfy  the  requirements  of  those  geologists  who  are  familiar  with 
the  effects  of  ice-action  in  well -glaciated  regions.  Every  field- 
geologist  who  has  spent  many  years  in,  say,  North  Wales,  the  North 
West  of  England,  or  in  Scotland,  must  feel  that,  somehow  or  other, 
the  bottom  of  the  Ice-sheet  must  have  flowed,  and  must  have  moved 
steadily,  and  with  nearly-uniform  directions  of  movement,  long 
enough  to  admit  of  the  stone-shod  sole  of  the  Ice-sheet  scoring  deep 
and  wide  grooves  upon  the  surfaces  of  even  the  toughest  of  rocks. 
M.  Brunner  did  not  follow  up  his  researches ;  but  his  conclusions 
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shoald  do  maoh  to  oonvinoe  even  those  who  are  not  field-geologists 
th&i  the  loiv'er  parts  of  masses  of  laud- ice  really  do  move  forward, 
and  are  tberefore  qaite  competent  to  score  the  rock- surface  over 
which  they  paas,  and  to  score  it  to  almost  any  extent 

Let  OB  oonsider  what  happened  with  any  of  the  larger  affluents 
of  the  loe-sheet  in,  say,  North  West  Yorkshire,  or  in  Cumberland 
and  Westmorland.  During  the  Glacial  period  every  one  of  the 
valleys  in  those  parts  was  filled  to  the  brim  with  masses  of  ice, 
vhidi,  in  most  cases,  can  be  shown  to  have  moved  outwards  from 
the  mountain  centres  towards  the  lowlands.  The  inland  and  uphill 
movementa,  which  affected  certain  parts,  were  exceptional,  and  took 
place  only  at  or  near  the  climax,  just  before  the  Ice-sheet  began  to 
melt  away,  and  long  after  most  of  the  glacial  erosion  had  been 
aocomplished.  There  is  reason  for  believing  that  for  a  long  period 
the  thickness  of  the  ice  in  places  was  not  less  than  two  thousand 
feet  All  the  rook  previously  carried  seaward  by  subaerial  denuda- 
tion from  those  valleys  was  thus  replaced,  as  it  were,  by  a  solid 
mass  of  other  material, — ice.  Doubtless,  in  those  days,  as  is  the  case 
with  the  smaller  glaciers  of  to-day,  the  surface  layers  were  slowly 
impelled  downhill  and  seawards  by  the  alternate  expansion  and 
contraction  of  the  ice,  aided  by  the  expansive  action  of  water 
freezing  in  crevasses,  as  well,  of  course,  by  the  pressure  of  the 
higher  masses  of  ice  behind.  All  these  forces,  acting  separately  or 
in  combination,  tend  to  make  the  line  of  swiftest  flow  coincide  with 
the  centre  line  of  the  npper  layers  of  each  stream. 

The  tendency  to  flow  most  rapidly  nearest  the  surface  is,  however, 
ooanteracted  by  other  causes.  Every  one  seems  to  have  overlooked 
the  fact  that  when  a  deep  valley  is  filled  by  ice,  that  ice  tends  to 
act  in  much  the  same  way  in  conducting  terrestrial  heat  outwards 
towards  the  surface  as  if  there  were  rock  there  in  the  valley  instead 
of  ice.  The  isogeotherms  in  such  a  case,  instead  of  following  nearly 
the  contour  of  tlie  valley  as  they  would  do  if  the  ice  were  absent, 
would  be  carried  to  a  higher  level,  whose  exact  position  would  vary 
with  the  thickness  of  the  ice  and  with  the  surface- temperature  for 
the  time  being.  In  other  words,  the  lines  of  equal  subterranean 
temperature  of  the  rocks  forming  the  sides  of  the  valley  would 
enter  the  adjoining  ice  itself,  and  would  connect  the  isogeotherm  of 
one  side  of  the  valley  with  its  corresponding  line  on  the  other  by 
a  downward  curve,  which  would  run  through  the  lower  part  of  the 
ice,  instead  of  through  the  rock  below  upon  which  it  lay. 

While  the  surface- temperature  and  the  terrestrial-temperature 
were  alike  in  degree,  it  seems  possible  that  there  might  be  no 
movement  of  the  ice  at  all,  except  that  due  to  the  downhill  impulse 
derived  from  heavier  masses  at  a  higher  level.  Where  the  surface 
conditions  were  such  as  those  described  near  the  commencement  of 
this  paper,  then  the  locus  of  swiftest  flow  tended  to  the  surface. 
But  when,  as  must  generally  have  happened  during  the  Glacial 
period,  the  surface  of  the  ice  was  kept  in  a  prolonged  state  of 
contraction  through  extreme  cold,  the  higher  temperatures  prevailing 
in  the  parts  of  the  ice  nearer  the  bottoms  of  the  valleys  caused  the 
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ioe  there  to  expand  more  than  the  colder  ioe  over!  jing,  and  therefore 
to  move  in  the  direction  of  least  resistance.  That  direction  of  least 
resistance  mnst,  under  these  circomstances,  osnally  remain  near  the 
hottoms  of  the  Talleys,  and  it  must  tend  to  he  modified  (1)  by  the 
form  of  the  surface  adjoining;  (2)  by  the  position  of  the  main 
feeders  of  that  particular  ice-stream  ;  and  (3)  by  the  sitoation  of  the 
terminal  portions  of  the  glacial  stream  itself. 

Another  factor  comes  in  here.  The  movement  of  a  thick  mass  of 
ice  under  enormous  pressure  (25  tons  per  square  foot  for  every 
thousand  feet  of  thickness  of  ice)  must  result  in  the  conversion  of 
part  of  the  force  so  exerted  into  heat  This  in  its  turn  brings 
about  a  still  further  expansion  of  the  parts  of  the  ice  in  direct 
contact  with  the  rock,  and  thus  contributes  still  further  to  the 
erosion  that  is  being  accomplished  by  these  means.  Indeed,  it 
appears  to  me  more  than  likely  that,  when  once  the  movement  of 
the  lower  strata  of  the  ice  is  set  up,  terrestrial  radiation  on  the 
one  hand,  and  the  heat  generated  by  the  enormous  friction  on  the 
other,  tend  to  impel  the  sole  of  the  ioe  forward  with  much  more 
regularity,  and  with  much  greater  evenness  of  motion,  than  can  be 
shown  to  obtain  in  any  part  of  the  surface  of  any  glacier  that  has 
yet  been  carefully  examined. 

It  appears  to  me  that  this  view  of  the  causes  that  determine  the 
flow  of  land-ice  will  enable  us  readily  to  understand  the  origin  of 
many  phenomena  of  denudation  which  northern  field-geologists 
have  long  agreed  to  refer  to  glacial  action,  although  no  one  has 
explained  satisfactorily  bow  those  results  were  accomplished.  Lake 
basins ;  the  remarkable  terraces  and  scars  of  Wensleydale,  etc. ;  the 
corries  or  coums  so  characteristic  of  glaciated  districts ;  the  great 
glacial  ruts  so  well  seen  near  Appleby,  for  example,  or  near 
Edinburgh,  can  each  and  all  be  readily  enough  accounted  for  if  we 
extend  M.  Brunner's  observations  to  their  proper  conclusion,  and 
assume  that  the  flow  of  a  large  mass  of  land-ice  is  not  limited  to 
its  upper  parts,  but  extends  also  to  the  bottom  layers  in  contact 
with  the  rock. 


lY. — Noras  OH  A  New  Fossil  Sponge  from  the  Utioa  Shale 
Formation  (Ordovician)  at  Ottawa,  Canada. 

By  Gbobos  JsNNmos  Hinds,  Ph.D.,  F.6.S. 

MB.  H.  M.  AMI,  F.O.S.,  of  the  Oeological  Survey  of  Canada, 
who  has  devoted  special  attention  to  the  fauna  of  the  Utica 
Shale  in  the  neighbourhood  of  Ottawa,  lately  sent  me  for  examination 
several  fragments  of  slabs  of  this  rock  containing  some  peculiar 
sponge  remains,  which  seem  to  me  to  be  worthy  of  notice,  although, 
from  their  mode  of  preservation,  no  decisive  determination  as  to  the 
character  of  the  sponge  to  which  they  belong  can  be  arrived  at 

The  fossils  in  question  appear  to  the  naked  eye  as  so  many 
circular,  or,  in  some  instances,  fan-shaped,  faintly-marked  rusty 
patches  on  the  surface  of  the  black  shalci  each  consisting  of  delicate 
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Unci  ot  marlcings  radiating  from  a  centre.  Thete  patches  are  so 
numeioiis  as  in  places  to  cover  the  surfaoe,  and  their  margtng  overlap 
tBch  otber,  so  tliat  their  individual  outlines  oatiiiot  in  all  cases  be 
diadngaiahed ;  further,  it  can  be  seen  that  they  are  oot  limited  to 
a  UDgle  sarfaoe  layer,  for  the  rock  to  the  thickness  of  about  a 
milLimetre  ooQaiBta  of  several  distiuot  successive  filniB  or  lasers, 
(tch  covered  with  similar  nisty  patobes  of  radiating  lines.  Examined 
with  a  leoa  or  under  a  mita'oscope,  these  lines  are  seen  to  be  in 
reality  very  6ne,  delicate  needle-like  spioules  radiating  horizontally 
from  a  centre.  The  spioules  are  not  all  of  the  same  length,  bo  that 
the  outer  mai^in  of  eaoh  patch  is  uneven,  and  the  general  appearance 
of  these  circles  impressed  on  the  rook-anrfaoe  calls  to  mind  the 
nimbus  or  balo  which  in  old  religioae  books  is  depicted  round  the 
heads  of  saints. 

The  circular  patches  are  from  18  to  24  mm.  in  diameter;  the 
■picalei  of  which  they  are  formed  are  straight,  simple,  apparently 
HQOoth,  and  nearly  of  an  even  thickness  throughout  their  length, 
vhich  appears  to  be  from  8  to  10  mm.,  whilst  they  are  only  about 
435  mm.  in  thickness.  In  some  instances  the  spicules  radiate  from 
tha  centre  of  the  patch,  in  others  there  is  a  small  free  central  space, 
and  occasionally  they  are  disposed  in  the  shape  of  a  fan.  In  all 
CUM  tha  spicules  form  an  extremely  thin  layer.  The  spioules  are 
for  (he  most  part  pyritized,  in  some  instances  they  are  reduced  to 


Sltpiaiulla  saneta,  gen.  et  ap.  hot.  ;  Utica  Shal»  (Ordovician),  Ottaws,  Canada. 

nutj  peroxide.  This  change  of  the  original  silica  to  pyrites  and 
peroiide  of  iron  seems  to  be  of  very  general  occurrence  wherever 
tiliceons  sponges  hare  been  preserved  in  black  bituminous  shales; 
«t:ll-ki>own  instances  are  those  in  the  Cambrian  shales  of  St.  Davids, 
Sooth  Wales,  and  those  lalely  described  by  Sir  J.  W.  Dawson  from 
the  black  Ordovician  shales  at  M^tis,  Lower  St.  Lawrence  (Trans. 
Eoy.  Soc.  Canada,  vol.  vii.  1889,  p.  31). 

It  may  be  taken  for  granted  (hat  each  of  the  numeroas  circular 
patches  in  this  rock  indicates  the  basal  portion  of  a  distinct  sponge; 
bat  it  is  hardly  likely  that  it  represents  (he  entire  skeleton  of  the 
organism,  and  it  is  insufficient  to  determine  conclusively  the  nature 
of  the  sponge.  It  has  been  suggested  by  Sir  J.  W.  Dawson,'  who 
has  seen  some  of  the  specimens,  that  they  may  be  the  root-epiculee 
of  Uexactinellid  sponges.  As  a  rule,  however,  the  anchoring. 
■picalea  in  this  group  of  sponges  consist  of  a  more  or  less  oompact 
>  Satn  on  Bpecimena,  Peter  Bedpatli  Muhuid,  1888,  p.  G9. 
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bundle  of  elongated  Bpionles  which  extend  downwards  from  the 
base  of  the  aponge  and  anchor  it  in  the  mud,  consequently  rery 
different  from  the  horizontal  radial  disposition  of  the  spicules  in 
these  specimens.  Further,  if  they  were  the  anchoring  appendages 
of  hezactinellid  sponges,  one  would  naturally  expect  to  find  some 
traces  of  cruciform  or  typical  six-rayed  spicules  charaeterizing  the 
bodies  of  these  sponges,  more  particularly  as  the  great  regularity  in 
which  the  free  radial  spicules  forming  these  cir^ar  patches  have 
been  preserved  in  their  natural  position  indicates  the  absence  of 
currents  to  remove  the  body-portions  from  their  bases.  But  on 
the  slabs  I  have  examined,  I  do  not  recognize  any  distinctive 
hexactinellid  spicules.  At  the  same  time  it  is  not  altogether 
impossible  that  these  fossils  may  be  a  peculiar  modification  of  the 
anchoring  appendage  of  hexactinellid  sponges,  and  this  view  derives 
some  support  from  the  fact  that  a  species  of  this  group,  Cifaikovpomgia 
reticulata,  Walcott,  sp.,  occurs  in  this  Utica  Shale,  though  Mr. 
Ami  has  not  yet  discovered  any  specimen  of  it  in  the  vicinity  of 
Ottawa. 

There  are  however  certain  recent  siliceous  Monactinellid  and 
Tetractinellid  sponges,  inhabiting  deep  water,  which  possess  basal 
structures  of  slender  radiating  spicules,  very  similar  in  character 
and  arrangement  to  those  forming  these  fossil  impressions.  Thus  in 
the  genus  BadieUa,  0.  Schmidt*  (=Tricho9temma,  Sars'),  there  is 
a  basal  layer  of  long  straight,  styliform  or  pin-shaped  spicules 
radiating  from  a  centre  and  forming  a  definite  fringe  round  the 
sponge,  whilst  the  spicules  of  the  body  of  the  sponge  are  smaller 
and  less  likely  to  be  preserved  as  fossil.  Again  in  Tethya  casula. 
Carter,'  there  is  a  well-marked  basal  fringe  of  spicules,  but  in  this 
cfise  the  spicules  have  trifid  head-rays  and  consequently  differ  in 
character  from  those  in  our  fossils.  As  pointed  out  by  Sara,  and 
more  particularly  by  Ridley  and  Dendy,^  the  basal  fringe  of  elongated 
spicules  in  these  sponges  serves  not  so  much  to  anchor  the  sponge 
as  to  support  it  on  the  surface  of  the  soft  yielding  mud  of  the 
sea- bottom. 

There  seems  fair  ground  for  supposing  that  these  patches  of 
radiating  spicules  likewise  served  as  basal  supports  to  sustain  the 
sponges,  which  lived  in  dense  colonies,  on  the  surface  of  the  ooze. 
Whether  these  sponges  were  hexactinellid  or  monactinellid  must 
for  the  present  remain  an  open  question ;  but  it  may  be  desirable 
to  give  a  name  to  them,  and  I  propose  to  call  them  Stephanella 
ganeta.^ 

The  specimens  were  collected  by  Mr.  H.  M.  Ami  from  the  Utica 
shale,  at  Ottawa  itself,  and  in  the  adjoining  township  of  Gloucester. 

Spongien  Famui  Atlantiscben  Gebietes  (1870),  p.  48,  pL  4,  fig.  6. 
Bemarkable  Fomis  of  Animal  Life  (1872},  pt.  i.  p.  62. 
AniL  and  Mag.  Nat.  Hist  ser.  4,  toI.  Tiii.  (1871),  p.  99,  pi.  It.  figs.  1--9. 
*  Challenger  *  Report,  Zoology,  toL  xx.  (1877).  p.  216,  pi.  xliiL 
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T.— NoTB  OH   TBS  Idkhtitt  OF  Nautilus  Nkocomibnsis^  Shaspk 
(nom  d'Orbioht)  with  Nautilus  Dkslonocbampsianus,  d'Obb. 

By  AsTHUn  H.  Foobd,  F.6.S. ; 

and  O.  C.  Ciuck,  Assoc.R.S.M.,  F.G.S., 

Aurifftant  in  the  Geological  Department,  BritiBh  Mnseum. 

IN  1858,  in  bis  "  Desoriptioo  of  the  Fossil  Bemains  of  MolloBca 
fonnd  in  the  Chalk  of  England"  (Mon.  PaL  Soa),  Sharpe 
dttcribed  and  fignred  a  specimen  under  the  name  of  ^aii<t7ti« 
Neoeomieiuis,  d'Orbigny.  He  states  (/oe.  ciL  p.  15),  **  We  have  only 
leen  one  small  specimen  from  the  Grey  Chalk,  which  we  can  refer 
to  this  species ;  it  is  from  Urohfont  near  Devizes,  in  the  Collection 
of  Mr.  Cannington,  and  is  2  inches  in  its  greatest  diameter  and  1^ 
inch  in  breadth ;  although  a  good  deal  broken,  it  shows  all  the 
peoaliar  oharaoters  of  the  species.  The  species  is  more  oommon  in 
the  Lower  Oreensand  of  Dorking,  Atherfield,  Sandgate,  etc.,  where 
it  sometimes  reaches  above  7  inches  in  diameter.  M.  d^Orbigny 
quotes  it  as  common  in  the  lower  beds  of  the  Middle  Division  of  the 
Neooomian  Formation  in  France." 

The  specimen  referred  to  is  now  in  the  British  Museum  (No. 
88640).  It  is  a  natural  cast  and  in  its  badly  preserved  state  the 
flexuous  ribs  appear  to  be  rounded.  A  close  examination  of  the 
fossil,  however,  reveals  distinct  traces  of  fine  longitudinal  lines 
between  the  ribs,  a  character  which  suggests  affinities  with  Nautilus 
DetlongehampBtanua,  d'Orbigny.  Moreover  the  remains  of  the  body- 
chamber,  the  posterior  portion  of  which  Sharpe  has  represented  in 
his  plate  v.  fig.  3o,  show,  on  either  side,  at  a  short  distance  from 
the  umbilicus,  the  keel  so  characteristic  of  the  same  species.  I'he 
area  between  the  keel  and  the  umbilicus  is  also  marked  by  faint, 
raised,  longitudinal  lines.  The  umbilical  portion  of  the  remainder 
of  the  specimen  is  too  much  broken  to  show  the  keel  distinctly. 
The  rest  of  the  characters  of  the  specimen,  viz.,  the  general  form, 
the  form  of  the  sutures  and  the  position  of  the  siphuncle,  all  agree 
perfectly  with  Nautilu$  Dealongchampsianus,  and  there  can  be  no 
doubt  that  the  specimen  referred  by  Sharpe  to  Nautilus  Neocomiensis 
is  only  a  small,  much-broken  and  badly-preserved  specimen  of 
yautilus  Deslongchampianua.  The  locality  and  horizon  of  the  fossil 
also  support  this  conclusion. 

Erratum— In  Geol.  Mao.  December,  1890,  p.  651,  fourth  line  from  top  of 
page,  insert  Not  before  the  paragraph  beginning  **  1853.  Nautilus  pseudoeUyaua^ 
iiliarpe,"  and  ending  "figs.  2a,  2br 
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Supplement  for  1890. 

BjT  A&THUB  Smith  Woodwa&d,  F.G.S.,  F.Z.S., 

and  Chables  Dayibs  Shbrbohx,  F.G.S.,  F.Z.S. 

]N  the  PalsBontology  of  the  Yertebrata,  so  much  progress  is  made 
in  yarious  directions  in  Britain,  that  it  seems  advisable  to 
attempt  to  bring  up  to  date  the  record  of  the  subject  prepared  and 
pablished  by  the  writers  a  year  ago.     The  following  list  may  thus 


Wooitirai-d  and  C.  D.  Sherloi-ns  Calahnue— 

the  first  supplement  to  the  work  ia  queBtion  ;  anil  it 
e  courtesy  of  the  Kditor,  to  iseue  such  a  ii&t  of  additiooe 

1  to  genenil  correutiona  it  must  be  remarked,  that  the 
■.  J.  Ward,  forming  Vol.  X.  of  the  Traus.  N.  Staffn. 
ingin.,  frequently  quoted  in  connection  with  Carboui- 
iras  not  isaued  until  February  18i40,  the  puhlieution 
elayed  by  unforeseen  circumstances.     Mr.  J.  Weslon, 
mid  have  been  mentioned  as  the  collector  of  a  fine 
•a  from  the  Staffordshire  Coal-ineftsnrea.  wbich  will 
}  the  pro|ierty  of  the  Britisb  Museum.     In  connectiun 
iiiiferouB  fi»hoB  of  iha  Edinburgh  Coal-field,  the  writers 
idd  that  they  failed  to  distinguish  between  the  private 
lections  made  and  eilended  by  Dr.  K.  H.  Traquair,  as 
e   Natural    History    De|iartment   in    the    Edinburgh 
tiiis  case,  however,  it  is  not  possible  to  rectify  the 
it,  there  being  uo  list  or  catalogue  of  either  of  these 

ee  Bpplied  by  Owen  to  London  Clay  Teleosteans,  in 
Rept.  I'isees  Mob.  R.  Coll.  Surgeons,  were  also  over- 
lost  of  these  refur  to  speaies  already  recorded  under 
i  of  Agassiz,  and  it  is  thus  proposed  to  defer  entering 
synonymy  has  been  investigated. 
Pisces. 
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Cenirolipu,  Eg. :  A.  8.  Woodward,  Ann.  Mag.  Nat.  ffist.  [6]  toI.  t.  1890,  p.  430. 

aaper,  Eg.  {ex  Ag.) :  A.  8.  Woodward,  ibid,  p.  430,  pi.  xvi.  f.  1 . 

Ceratodtu  FhillipH,  As. :   A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p. 

292,  pi  iii.  f.  6. 
Chirodopsit  Geikiei,  Trao. :  Traqnair,  Ann.  Mag.  Nat.  Hist.  [61  toI.  vi.  1890,  p.  494. 
Ch%rodu8  erassMs  [n.  sp.J,  R.  H.  Traquair,  Proc.  Roy.  8oc.  Edinb.  vol.  xvii.  1890, 

p.  400.     Carb.  Limest. ;  Abden  and  Beith.     [Scales ;  Edinb.  Mus.] 
ChiroUpia  Trailli,  Ag. :    recorded  from  Achanarras,  Caithness,  by  Traquair,  Ann. 

Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  486. 
CoeeoUpi*  liastiea  [n.  sp.J,  [-ns],  A.  8.  Woodward,  Ann.  Ma^.  Nat.  Hist.  [6]  vol.  v. 

1890,  p.  436,  pi.  xvi.  f .  2-4.     Lower  Lias ;  Lyme  Regis.     [Fish ;  Brit.  Mus.] 
CoecaaUu;  Ag. :  A.  v.  Koenen,  Gbol.  Mao.  1890,  p.  191. 
deeipient,  Ag. :  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,  p.  126, 

pi.  X.  and  Gbol.  Mao.  1890,  p.  235. 
sn.,  J.  E.  Lee,  Gbol.  Mao.  1880,  p.  146,  pi.  v.  f.  3.     U.  Devon.  ; 

Chudieigb,  8.  Devon.     [Median  dorsal  plate ;  Brit.  Mus.] 
CktlacanthuM  HiUipn,  Ag. :  J.  W.  Davis,  Gbol.  Mao.  1890,  p.  169. 
sp.  [n.],  J.  W.  Davis,  Proc.  Yorks.  Geol.  Soc.  vol.  xi.  (2),  1890,  p.  334. 

Carbonif. ;  Cultra,  Co.  Down.     [Bones ;  C.  Bulla  Coll.,  Belfast.] 
CottnolepU,  Eg.  :  synonym  of  Oxygnathtts. 

Egertoni,  Eg. :  v.  OxygnathutEgertoni. 

Coamoptyehiu»f  Traq.  :  synonym  of  JElonichthyt. 

»triatu9  (Ag.) :  v.  EUm%ckthy»  striatiu. 

CUnodus  interruptuSf  Barkas  :    A.  8.  Woodward,  Ann.  Rep.  Yorksh.  Phil.  Soc. 

1889  (1890),  p.  37,  pi.  1.  f.  2;  R.  H.  Traquair,  Gbol.  Mao.  1890,  d.  249. 

Form,  and  loc.  are  Carb.  Limest.  and  Calcif.  Sandst.,  Fifeshire  and  Midlothian 

(not  English  Coal-Meas.) 
Murehiwni,  Ag.  MS. :  first  described  by  J.  Ward,  Trans.  N.  Staffs.  Inst. 

Mining  Engin.  vol.  x.  1890,  p.  166.     Additional  locality  is  Longton,  N. 

Staffordshire. 

caudaiuSf  Barkas  :  v.  Sagenodua  eaudatua. 

eorrugaiuSf  Atthey :  v.  Sagenodua  earrugatua, 

obliqmta,  Atthey  :  v.  Sagenodua  inaquaiia. 

obliquua^  var.  quinqueeoatatuay  Traq. :  v.  Sagenodua  quinqueeoatatua, 

obtuaua,  Barkas :  v.  Sagenodua  obtuaua, 

oetodoraalia,  Barkas :  v.  Sagenodua  oetodoraalia. 


Ctenolepia  eyelua,  Phillips  {ex  A^.) :   A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi. 

(1890),  p.  301.     There  is  an  early  fig.  of  this  sp.  in  C.  Prevost,  Ann.  Sci. 

Nat.  vol.  iv.  1826,  pi.  xviii.  f.  21. 
Iktpediua  doraalia  {Ag.) :  M.  Browne,  Trans.  Leicester  Lit.  and  Phil.  Soc.  n.  s.  vol. 

(1890),  p.  196  (includes  Dapediua  wonilifer), 

tnonilifer  (Ag.)  :  synonym  of  D.  doraalia. 

Diplvpierua  Agaaaizi,  Traill :   Traquair,  Ann.  Mag.  Nat.  Hist  [6]  vol.  vi.  1890,  p. 

484,  woodc.  3. 
Drydmiua  \ji.  g.],  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  399. 
inaignia  [n.   sp.],   R.  H.  Traquair,  ibid.      Carb.   Limest.  ;    Loanhead. 

[The  tyi)e  species,  founded  on  jaws,  etc. ;  Edinburgh  Mus.] 
JEloniehthya,  Giebel :   to  include  Coamoptychtuay  Traquair,  Proc.  Roy.  Soc.  Edinb. 

vol.  xvii.  1890,  p.  396. 
Dunaij  Trao. :   synonym  of  E.  nemopterua  (Ag.),  Traquair,  ibid.  p.  396. 

[v.  E.  Robiaofi%\. 

intermediua,  Traq. ;   synonym  of  E.  nemopterua  (Ag.),   Traquair,  ibid. 


[v.  E.  Eobiaoni']. 

—  muitiatriatua  [n.  sp.],  R.  H.  Traq^uair,  Proc.  Roy  Soc.  Edinb.  vol.  xvii. 
1890,  p.  396.  Carb.  Limest.  ;  Gilmerton  and  Loanhead  [Fragments  ; 
Traquair  Coll.] 

—  nemopterua  [Ag.] :  Traquair,  ibid.  p.  394  (to  include  E.  Dunat^  inter' 
medtuay  ovatuay  Jiobiaoniy  atriolatuay  tenuiaerratua).     [v.  E.  Eobiaom.'] 

—  ortholepiay  Traq. :  synonym  of  Aerolepia  ortholepia. 

—  ovatuay  Traq. :  synonym  of  E.  nemopterua  (Ag.),  Traquair,  Proc.  Roy. 
Soc.  Edinb.  vol.  xvii.  1890,  p.  396.     [v.  E.  Eobiaoni.^ 

EoHaoni  (llihh.) :   referred  with  several  other  supposed  b^\«a  \ft  E. 


jumep^fTtte  by  Traquair,  aa  noted  above.      FaUBimiaew  Jtol>Uoni,  \lo^«^«, 


!.  Woodicard  and  C.  D.  S/ierhorii'a  Catalogue— 

isme  oripnallv  BV«Kested  by  Bibbert  inu.«t  be  aJnpted. 

.«(«.  (kg.) :  TraquHir.  I'roc.  Koj.  Soc.  Edinh.  -rot.  irii.  1890,  p.  396 

jirw/il_ucj(iu  itnatusj. 

ob,  Tol.  irii.  IS90.  p.  3B5.     [y.  £.  fioAi»Bi.] 

^«,  R.  Owen,  C.t.  Voa.  aept.  Pi«CM  Mo9.  B.  Coll.  Sargeona,  18o*, 

.«rfM,  A.  S.  W. :  A.  fe.  Woodward,  Pr™.  Geol.  Soc.  ISaO,  p,  8,  and 
Iao.  18B0,  p.  28B,  pi.  x.  t.  1-8. 

ai™.  Ag. :    Traquair,  I-ror.  Rot,   Boc.  Edinb.  vol.  iTii.  1890,  p. 
include  £./m*rin(i«,Ag.) 

•ialM,  Ag.  :  synonj-m  of  E.  ertnatui,  Ag  ,  Traqoair,  ihid. 
oltpidotM,  [n.  sp.],  R.  H.  Traquflir,  Pioc.  Roy.  Soc.  Edinb.  yoI.  iiii. 
iOO.     Cub.  lJi™t, ;  L.>noh»ad.     [linpecfect  fiih  ;  Traqoair  ColL] 
A.  S.  Woodward,  Proc.  Geo!-  Assoc,  vol.  li.  (1890),  p.  290,  p!.  iij.  (.  i. 
Traq. :  Bynonjmi  of  Cronanv. 

miHgii,  H-MitcheUand  J.  Powrie:  7.  Sohplf/ekim  FUmingi. 
™J™*  (Ag.) :  Traqiiflir,  Ann.  Mag.  Sat.  Hirt.  [6]  vol.  n.  1890.  p.  483. 
ilii,  Ag. :    PortJook,  Kep.  Geo!.  Londonderrj,  1843,  p.  *69,  pi.  liT. 

and  1.  1 1  [0.  Unuiitnatm).     Rbictic  :  N.  Ireland. 
•>iliu,  Ag. :  v.  ifuwJsn  oA^iu. 

*!(,«,  A.  8.  Woodw. :  A.  S.  Woodward,  Natoralirt,  1890,  p.  101. 
f,  As. :  svnonym  of  PUmrapItu  Rankini. 

J. :  A.  S.'Woodward,  Ann.  Mae.  Nut-  Hist.  [61  vol.  v.  1890,  p.  436. 
•lrmi.,3i,  Ag. :  includos  Glvplohpu  Flemmgii.  H.  MitcheU,  Geologist, 

43;  J.  Powrie,  ibid.,  p.  96. 
11.],  A.  S.  Woodward,   Prw.  Geol.  A.'isoc.  vol.  li,  (18001,  p.  290,  pi. 
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JImi/m  ?  diuetiides  [n.  «p.],  A.  S.  Woodward  {ex  Ag.),  Proc.  Geol.  Assoc.  toI.  xi. 

(1890),  p.  300,  pi.  iii.  f.  32.     Gt.  Oolite ;  Oxford.     [Vomer  ;  Brit.  Mus.] 

latidins,  A.  o.  W. :  misprint  for  M.  tenuidens. 

ablonauM    (Ag.)  :     Oyronchus   fScaphodusJ  oblongus,  L.  Agassiz,   Poiss. 

Foss.  Tol.  i.  (1844),  p.  ]dii.  (name  only).      Oyronchus  oblongus,  £.  Wilson, 

GsoL.  Mao.  1890,  p.  867. 
— —  rugulo*u9  (Ag.) :  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol,  3d.  (1890),  p. 

298,  pi.  iii.  f .  23-27.     (Includes  M.  trigone,) 

sp.,  Woodward  and  Sherborn,  Cat.  Brit.  Foss.  Vert.  1890,  p.  121 :   t. 


M.  Damoni, 

tenuidens  [n.  sp.],  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 


p.  300  {latidenM,  misprint),  pi.  iii.  f.  29.     Stonesfield  Slate.     [R.  spleniai; 

Brit.  Mns.] 

trigontis  (Ag.)  :  synonym  of  M.  rttgulonu. 

Ueiolepi9  rhomba  [n.  sp.],  Traqiiair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493. 

Calcif.  Sandst. ;  Eskdale.     [Fish ;  Edinburgh  Mus.] 
tuberculata  [n.  sp.],  Traquair,  ibid.  p.  493.     Calcif.  Sandst. ;    Eskdale. 

[Fish;  Edinburgh  Mus.] 
Mmpoma  [n.  g.],  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493  (in- 
completely defincMl). 

macrocephalum  [n.  sp.],  Traquair,  t^.  p.  493. 

Rhadinichthys  macrocephaltMj  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii. 

1890,    p.    398.      Calcif.   Sandst.  ;    Pumpherston,    Edinburgh.      [Fishes ; 

Traquair  Coll.] 

pohtumy  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493  (olim 


Canobius  politus) . 

pulchellum,  Traquair,  »6i(/.  p.  493  (olim  Canobiut  pulchellus). 


Xonaeanthus  brevis,  Phillips :  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 

p.  289,  pi.  iii.  f.  1. 
Istniatoptychim  gracili^^  Traq. :  synonym  of  N.  Greenocki. 
Greenocki^  (Ag.)  :  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,   p. 

398.     (Includes  N.  gracilis  and  also  Pygopterus  elegatis^  C.  W.  Peach,  Rep. 

Brit.  Assoc.  1871  (1872),  p.  109,  name  only.) 
Ol'xgophurm  vectenHs  [n.  sp.],  A.  S.  Woodward,  Proc.  Zool.  Soc.  1890,  p.  346,  pi. 

xxviii,  f.  1-4,  pi.  X3dx,  1. 1,  2.     Purbeck ;  Swanage.    Wealden  ;  I.  of  Wight. 

[Head ;  Brit.  Mus.] 
Ophiopntti  Flfitheri  (Ag.) :  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  293. 
Oraranthiut  MiUeri^  Ag.  :   0.  minor ^  E.  Wilson.  Geol.  Mao.  1890,  p.  368. 
Ottcolrpix  microlepidotiMj  Pand. :    Traquair,  Geol.  Mao.   1888,  p.  616,  and  Ann. 

Ma^.  Nat.  Hist.  [61  vol.  vi.  1890,  p.  484. 
Oiygmthm,  Eg.  :    A.  S.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,   p. 

431  (includes  CostnoUpis  and  Thrissonotus) . 
Egertoni  (E^.) :    A.  S.  Woodward,  Ann.  Mag.  Nat.  Hist.   [6]  vol.  v. 

1890,  p.  432  (ohm  Cosmolepis  Egertoni). 

ornatu9.  Eg. :  Traquair,  Palajoniscidae  (Pal.  Soc.  1877),  pi.  ii.  f.  2  ;  A.  S. 


Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,  p.  432  (includes  Thriasonottis 

Colei). 
Falaoftpondyltu  [n.  g.],  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  485. 
Gunni  [n.  sp.],  Traquair,  ibid.  p.  48o,  woodc.  4.     L.   Old  Red  Sandst., 

Achanarras,  Caitliness.     [The  type  species,  Edinburgh  Mus.] 
PhaneropUuron^  Huxley:  Traquair,  Proc.  Roy.  Soc.  Ediub.  vol.  xvii.  1890,  p.  393. 
Phlyetanaspia    [n.    g.J,    R.   H.  Traquair,    Geol.    Mao.    1890,    p.    144.      (Olim 

FhJyct<emus  fipreoccupied  Zittel,  Spongida]). 
— Angfica,  Traq. :    Traquair,    ibid.y  p.  144,   (olim   Phlyetanius    anglims). 

Includes    Cephalaspia    Salwafiy  Lankester    (in   part),  Fishes  O.R.S.  pt.    1 

(Pal.  Soc.  1870),  pi.  viii.  f.  2-4. 
PhlveUrniuSy  Traq.  :  preoccupied,  v.  Phlyetananpis. 
PholidophoriM  minor,   Ag. :    A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 

p.  293. 
Pleuroplax,  A.  S.  Woodw. :  J.  W.  Davis,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890, 

p.  291,  pi.  xiu. 
Rankini^  H.  and  A. :  J.  W.  Davis,  ibid.  p.  291,  pi.  xiii.  (includes  Selodut 

Hmplesp). 


Woodicard  and  C.  D.  S/ierboi-n'n  Catalogue— 

urii,  Ag. :  A.  S.  -WoodwHrd,  Proc.  GcoL  Assoc,  vol.  li.  (1880),  p. 
i,  f.  2. 

and  Art. 

■ri,  Ag.  ;   recorded  from  Aclianarras,  CHithiiBM,  bj  Tniqmif,  Ann. 
.  Hint.   [61  rol.  vi.  189(1,  p.  483.      Thfre  is  alao  a  spetituon  from 
W  in  the  ■rfor«»Wr  Museum. 

illani,  Ag. :  A.  8.  Wtwdwuid,  Ann,  Rep.  Torks.  Phil.  8oc.  1B8B 
3B,  pi.  i,  f.  3-14. 

n«.  Ag. :  A.  S.  Woodward,  iiirf.  p.  40,  p!.  i.  f.  16-20. 
.  Ag. :  T.  Mnalm  VoHhmi. 

■u,  Peach  :  T.  Xemalopl^rhiiu  Grtntofti. 

Ann   IilW.  Nat.  Hiat.  [6]  toI.  ti.  1S90,  p.  4B3,  hut  »»nti^ 

ri«-C<H  (Ag.) ;   Traquair,  Proc.  Hot.  Soo.  Ediuh.  vol.  iiii.  1390, 

I'lude^  typiea!  S.  Otikii-). 

ilua,  Traq. :  Hyaanyni  of  S.  ekgaitlului. 

ulu,.  Traiinair,  Proc.  Roy.  Soc.  Edinb.  toI.  irii.  1890,  p.  398,  and 

-.  Nat.  Hist.  [61  vol.  n.  1890,  p.  492  (includes  S.  (Uhcatului  ud 

U.GeikUiUom'kgVMe). 

■*,  Traq. ;  Bjiiunyni  of  It.  arnatmfimtH. 
■phalu,,  Tniq.  [n.  ap  1 :  v.  Mi^opunu,  inan-strphaium. 
«mu.  (Ag.) :    Traquair,  Proc.  lloy.  Soc.  Edinb.  vol.  irii.  1890,  p. 
d«i  ;;.  leplunu). 

:    This  enniu  must  be  accepted  for  Vhe  so-caUed  Omorf™  o«/J^wi 
^r„.f  i.-.-=.      ]1  i:^  Hrat  defined  undw  the  naniB  of  if«inic(?«*;«..  R.  H. 
Ckoi..  M.i...  \mo.  p.  aai.andisin  part  equivalent  lfljf«»<f(n»rfw, 
Si.iiiiiir^l.   Vn-H.  naturf.  Freunde.  1890,  p.  7. 
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Tkynmu  tkynmu   (Liim.):   E.  T.  Newton,  Gbol.  Mao.  1890,  p.  264.     Forest 

Bed :  E.  Bunion.     [Yert.  centrum ;  Savin  Coll.] 
JJndim  (?)  harrotnetms  [n.  sp.],  A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  toI.  v. 

1890,  p.  436,  pi.  xri.  f.  5.     L.  Lias.  ;   Barrow.    fFish  :  Brit.  Mua.J 
(?)  8p.  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  li.  (1890)  p.  292,  pi.  iii. 

f.  6  [afeo  fied.  by  Prevost,  Ann.  Sci.  Nat.  vol.  iv.  1826,   pi.  iviii  f.  20]. 

Stonesfield  Slate.     [Jugular  and  ptervgo-quad. :  Brit.  Mus.] 
17rof»^»itM,  Ag. :  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  393  (includes 

Oanopristodus) . 
nutgnus^  Traq. :  s  tail  of  Ctenodus  or  Sagenodua,  Traquair,  Gbol.  Mao. 

1890,  p.  252. 

»plendens^  Traquair,  Gbol.  Mao.  1890,  p.  252  (olim  OanoprUtodus  tplen^ 


dens). 

AMPniBIA. 

Anthraco*auru8  Rustelli,  Huxley:  Lydekker,  Cat.  Foss.  Rept.  B.M.*  pt.  iv.  1890, 

p.  158. 
Anthracerpetum  crasaaateuMj  Ow. :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  214. 
ErpetoeephaluSy  Huxley :  synonym  of  lehthyerpetum, 

ruffosus,  Huxl.  :  v.  Ichthyerpetum  BradUya. 

Ickihyerpetumy  Huxley:    Lydekker,    Cat.  Rept.  pt.  iv.    1890,    p.    168  (includes 

ErpetoeephaluB) . 
Bradley^ J    Huxl. :     Lydekker,    ibid.    p.    169     (includes  JErpetoeephalus 

rugosus). 
LepidotoMuru9  Duji,  Hanc.  and  Howse :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  214. 
LfpUrpetum  sp.  Lydekker,  Cat.  Rept.  pt.  iv.   1890,  p.  199.     Coal  Meas. :  Jarrow. 

[Skeleton  :  Brit.  Mus.] 
Lnrnma  Allmani,   Huxley :    Embleton,  Rep.  Brit.  Assoc.  1889  (1890),  p.  580 ; 

Lydekker,  Cat.  Rept.  p.  iv.  1890,  p.  164,  fig.  38. 
Maer(mtrium  Scoticutn  [n.  sp.],  R.  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi. 

1890,  p.  291,  pi.  xii.  f.  1,  and  Cat.  Rept.  pt.  iv.  1890,  p.  162.'Carb.  Limest. ; 

Gilmerton.     [Mandib.  ramus  :  Brit.  Mus  J 
Ophiderpetum  Brotcnriggi^  Huxley :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  206. 
fholidogtuUr pxsciformiiy  Huxley:  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  196. 
Vrocordylm  retieulatits^  Hanc.  and  Atth.  :  synonym  of  U.  Wandesfordi. 
Wandes/ordif  Huxley:  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  196  (includes 

U.  retiaUatus). 

Hrptilia. 

Bothrioipondylus  sufosstdSf  Owen :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  242. 
CalamospondylM  Foxiy  Lyd. :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  243,  f.  54. 
CamptoMurus  Leedsi,  Lyd.  :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  258,  f.  61. 
Cardiodon  rugulosuSy  Owen :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  236.    {Crown  of 

tooth  ;   Gt.  Oolit€y  Cirencester.) 
C\molioMurus  portlandiais  (Owen)  :    Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi. 

1890,  p.  47,  f.  5,  and  Cat.  Rept.  pt.  iv.  1890,  p.  274.     (Cerv.  vert. ;  Mid. 

Purbeck,  Isle  of  Portland :  Bnt.  Mus.) 

Rxchardsoniy  R.  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  276,  f.  66. 

CalotauruSy  R.  Owen,  Cat.  Kept.  Mus.  R.  Coll.  Surg.  1854,  p.  15.     [Genus  founded 

on  a  mutilated  centrum  of  a  dorsal  vertebra  washed  out  of  an  oolitic  stratum 

and  from  the  drift  of  West  Norfolk  :  Mus.  R.  Coll.  Surg.] 
Oryptodraco  eumerus  (Seeley)  ;  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  256. 
Ooniopholis  earinata  :    first  described  by  R.  Owen,  Cat.  Rept.  Mus.  R.  Coll.  Surg. 

1854,  p.  12,  and  stated  to  be  from  the  Great  Oolite  of  Cirencester. 
Gmopholis  minor,  Koken:  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  229.     Wealden: 

Isle  of  Wight.     [^Portions  of  Skeleton  ;  Bnt.  Mus.'] 
Ichthyosaurus  communis,  Conyb.  :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  270. 

Conybcareiy  Lyd.  :  Wilson,  Geol.  Mao.  1890,  p.  365. 

-  intermediusy  Cfonyb.  :  Lydekker,  Cat.  Rept.  pt.  iv.  1890,  p.  271,  f.  65. 
thyrcospondylusy  Owen :  Wilson,  ibid.  p.  365 ;  Lydekker,  Cat.  Rept.  pt. 

iv.  1890,  p.  270  (Portland  Oolite,  I.  of  Portland:  centrum). 

^  Subsequent  references  to  this  work  are  briefly  entered  ''  Cat.  Rept." 


i(r/arw.«,  Seeley :   LvdckkiT,  Cat 
rdekktr,  Cat.   h 


rieufitlli  fn.  sp.],  K.  Ja(J 
iinieridy-e  t'lav  :   lUlliuirha 


Kimmerid'^e  Clay  :   lUlliu'^ham  [Humerus  ; 
Pehmcmtes^  Lyd. :  Lydekker,  Quart.  Joum.  Greol. 

Evanai  (Seeley) :  Lydekker,  ibid.  p.  62  ( 

Feloro9auru»  Conybearei  (Mant.) :  Lydekker,  Cat.  1 

—  humerocristatus  (Hulke^ :  Lydekker,  ibid 
— ^— ^—  Lefdsi  (Hulke) :  Lydekker,  ibid.  p.  242. 
— ^—  Manseli  (Hulke) :  Lydekker,  ibid.  p.  241 
Fhsiosaurus  dolichodiruSy  ConyD. :  Lydekker,  Cat.  . 
Fleuroccelus  wUdmsis,  Lyd. :  Lydekker,  Quart.  Jom 

182,  pi.  ix. 
PlioMurus  brachydirusy  Owen :  Lydekker,  Cat.  Bepi 

Kimmeridge,  I.  of  Portland.   Head  of  ischium 

I.  of  Portland.) 
■  £vansiy  Seeley :  y.  Felon^usteM  Evansi, 

feroXj  Sauv. :  Lydekker,  Cat.  Kept.  pt.  iv. 

Rhamphorhynehu*  jesMfti  fn.  sp.],  R.  Lydekker,  Cat. 

Quart.  Joum.  Geol.  Soc.  yol.  xlyi.  1890,  p 

St.  lyes.     [Bones  ;  Brit.  Mus.l 
Steneoaaurus  brevidem  (Phill.) :  Lydekker,  Cat.  llep 

locality  is  Great  Oolite ;  Northampton. 

Boutilieriy  Desl. :  y.  S.  robuttus. 

.  robustuty  R.  Owen,  Cat.  Foss.  Rent.  Mus.  I 

M.  Oolite;  Oxfordshire.     [Skull  ana  mandibU 

8.  oxonieniit  and  S.  ^M/i/t^ri,  according  to  G. 
Sirtptoapondylus  Meyerij  R.  Owen,  Cat.  Rept.  Mus.  I 

Wealden ;  Brook.     [Dorsal  yertebne,  probabl) 

Mus.  R.  Coll.  Surgeons.] 
Suehodua  [n.  g.],  Lydekker,  Quart.  Joum.  Geol.  Soc. 
— —  durobriventia  fn.  sp.],  Lydekker,  ibid.  p. 

Peterborough.     [Manmb.  symphysis ;  Leeds  C( 
Synyonosaurus  maeroeereusy  Seeley :  Lydekker,  Cat. 

f.  60.     [Vertebrae  ;  Cambndge  Greensand.] 
Teleoiaurus  breviroatrisy  R.  Owen,  was  first  described 

Surgeons,   1854,  p.  8,  as  from  **  Oolite :  f^^ 

mandible;  ?  Ori^^"^'-^ 
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EtUaetut  pela^icua  (Pall.) :  The  type  is  a  tihia^  not  humeru: 

Fh§kcrocor€uc  earbo  (Lmn.) :  A  coracoid  in  Brit.  Mos.  has  been  referred  to  as  « 

GraculuB  earbo  f  by  A.  Milne-Edwards,  Oiseaux  Foss.  vol.  i.  1868,  p.  277, 

Tol.  ii.  1871,  p.  692. 
LUhorms  vuliurimu^  Owen :  The  type  is  in  Mos.  Coll.  Suiveons,  not  in  Brit.  Mns. 
Tttno  urwfolitu^  Linn. :  A.  Newton  and  H.  Saunders,  in  nurrell,  Hist.  Brit.  Birds, 

ed.  4,  1882-4,  Tol.  iii.  p.  47.     [Bones ;  Cave,  Teeedale.] 

Mammalia. 

Aibtnu  angUcus,  Dawk. :  Newton,  Quart.  Joum.  Geol.  Soo.toI.  xlri.  1890,  p.  451, 
pi.  xTiii.  f.  9.    [Molar  iiom  nodule-bed  (Red  Crag),  Boyton ;  Mus.  Pract. 

Aku  latifrotu  (John.) :  The  type  of  Cervut  booides  is  a  portion  of  skull,  with  beam ; 
Norwich  Mus. 

maehlis,  Ag. :  The  type  of  A.  painuUut,  Ow.,  is  metacarpus,  antibrachium 

and  humerus,  Brit.  Mus. 

Bm  taaruSj  var.  longifrons^  Owen :  The  type  of  B.  Umgifront  is  a  frontlet  and 
horn-core;  Mus.  R.  Coll.  Surgeons.  This  was  first  named  Boi  braehyetroi 
by  Owen,  and  subsequentlY  Bo9  latifron*  by  Wilde.  It  is  also  the  **  Small 
ox**  of  Wood;  see  Woooward  and  Sherbom,  Cat.  Brit.  Foss.  Vert.  1890, 
p.  322.     The  type  of  Bison  minor  is  a  metatarsal ;  ?  Mus.  R.  Coll.  Surgeons. 

—  Tar.  primigeniut  (Boi.) :  recorded  from  Crofthead  by  J.  G-eikie,  Ubol. 
Mao.  1868,  p.  393.  The  type  of  Bos  giganteus^  Davies,  is  a  cranium; 
Brit.  Mus. 

Capn  ibeXf  Linn. :  A.  Newton,  Zool.  Ancient  Europe,  1862,  p.  13,  footnote.  Pleist. ; 
Fulboume,  Cambridge.    [?  Horns:  Camb.  Mus.] 

Cemu  tlaphusy  linn. :  The  type  of  Strong  ghee  ros  spelaus,  Ow.,  is  a  base  of  antler, 
Brit.  Mus. 

gigantttis  (Blum.) :  The  type  of  Megaceros  hibernieus  is  skeleton  ;  Mus. 

R.  Coll.  Surgeons.  This  is  also  the  type  of  the  genus  Megaceros.  In  the 
addenda  to  Woodward  and  Sherbom*8  Catalogue,  p.  396,  ''page  333,**  the 
word  **  tooth  **  should  read  "  portion  of  antler.** 

Dacrytheruim  orinum  (Owen) :  v.  Xiphodon  platgeeps, 

Lidelphys  ColchesUri,  Owen :  There  are  some  notes  on  these  teeth  in  E.  Charles- 
worth,  Mag.  Nat.  Hist.  n.  s.  toI.  iv.  app.  pp.  44>72. 

Felit  hrevirostriSy  Croiz.  and  Job. :  Laiug,  Rep.  Brit.  Assoc.  1889  (1890),  p.  582. 
Creswell  Caves. 

Hippopotamus  amphibiuSj  Linn. :  The  type  of  H,  majors  Ow.,  was  a  lower  jaw, 
dim  Miss  Anna  Oumey  CoU. 

Sfraeotherium  leporintinty  Owen :  W.  H.  Flower  was  the  first  to  identify  Pliolophus 
vulpieepSy  Ow.,  with  this  species.  See  Cat.  Mus.  Vert.  R.  Coll.  Surgeons, 
1884,  p.  380,  and  Ency.  Bnt.  vol.  xv.  1884,  p.  428.     [R.L.] 

lemppe  Otceni,  A.  Pomel,  Cat.  Meth.  Vert.  Foss.  1853,  p.  10.  A  name  used  fo^ 
genus  and  species  of  English  fossil  bat :  Pomel  refers  to  Geol.  Joum.  London, 
without  page  or  other  reference. 

Intra  dubia  (Biainv.) :  E.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 
p.  444,  pi.  xviii.  f.  1.    Red  Crag:  Woodbridge.    [R.  mandib.  ramus;  E.  C. 


Moor  Coll. 


[n.  sp.], 


Beavei  [n.  sp.],  E.  T.  Newton,  ibid.  p.  446,  pi.  xviii.  f.  2.     Norwich 

Crag  ;  Bramerton.     [Lower  sectorial  molar  ;  Reeve  Coll.] 
Mteherodus  erenalidens  [n.sp.]  £.  Fabrini,  BoU.  Com.  Geol.  Ital.  vol.  xxi.  1890, 

p.  162.     (Refers  Backhouse  and  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlii. 

1886,  p.  309,  pi.  X.  to  this  form.) 
Mesoplodon  Floris  [n.  sp.],  E.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 

p.  448,  pi.  xviii.  i,  7  a-c  (olim  M.  Fiowerif  Flower  {ex  Canham  MS.)  non  v. 

Haast). 

Fhweri,  Fl. :  v.  M.  Floris. 

scaphoides  [n.  sp.],  E.  T.  Newton,  t^.  p.  450,  pi.  xviii.  f.  8.   Red  Crag; 


Woodbridge.     [Rostrum  ;  Mus.  Pract.  Geol.] 
ITwrv^fM  atnphibius  (Linn.):  Newton,  Geol.  Mao.  1890,  p.  453.     [Records  mandib. 
fragment  from  Ilford  in  Mus.  Pract.  Geol.  and  suys  others  are  known  from 
Crayford  and  Erith. — Pleistocene.] 

ICDADB  lU. VOL.  Till. — HO.  I.  ^ 
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Miartim  rmiHttpa  (Kefs.  and  BIjhl'  :  Xevtoa,  ikid.  p.  453,  f.  1,  2.    [Reooids 
iron  CraTfocd  and  Eiitk  is  Mw.  Pnct.  Gcoi.  and  F.   C.  J. 


SpmeaCoIL] 
M^odf  lemmm$  Oiiu/  :  Xevtom  Gboi.  Mao.  1S90,  p.  4^,  f.  7,  8.     [Recorded 

from  Enth  Beirtooene :  mandib.  nmm  aad  teeth,  F.  C.  J.  SpuTell  CoO.] 
Ur^mmtmt  iDesm..  :  Xevtoo,  OW.  p.  4^  f.  3-€.     PBccofded  from  Erith 

PkwtoKBe :  r.  mawlib.  lamns  F.  C.  J.  Spvrell  CollJ' 
yinircyywmunu^  FOhol.     Prof.  Rosenboir.  of  Doqiat,  points  out  that  this  name, 

thou^  inrariahlT  adopted,  b  a  auqinnt  for  yemyymmmnu. 
PlUem  Moon  [n.  «p.],  £.  T.  Newton,  Qnart.  Jonrn.  Geol.  Soc.  vol.  xlvi.  1890,  p. 

446,  pi.  xriii.  f.  3.   Red  Crafr :  Woodbfid^.  [L.  hnmems:  £.  C.  Moor  Coll.] 
PkoemeUm  mitMr,  P.  J.  ran  Beneden :  E.  T.  Newton,  Qnazt.  Joom.  G«oI.  Soc. 

Tol  xIti.  1890,  p.  447,  pi.  xriiL  f.  4.    Red  Crag:  Woodbhd^.    [Humiaiis ; 

E.  C.  Moor  Coll.] 
IUlyek€trop9  Rick^rdmmi,  Chariesw. :  [R.  Lidekker]  Ann.  Rep.  Yorks.  PhiL  Soc. 

1889  (1890),  p.  35,  pi.  1,  f.  1.  ' 

Trofomtkerium  minus  [n.  sp.^,  £.  T.  Newton.  Qnait.  Jonrn.  Ge<d.  Soc.  toI.  xln. 

1890,  p.  447,  pi.  xriii.  f.  o  (?  6).  ^   Indndes  incisor  from   Sizewell  Oap, 

Norwich  Cra^.  in  Geol.  Soc.  Mns.  (Owen,  Brit.  Foas.  Mamm.  1846,  p.  192). 

Red  Crag ;  Woodl»idge.   [R.  maxilla ;  £.  C.  Moor  CoU.]    f  Norwich  Crag ; 

Suffolk. 
Xipkodom  plmtfcepo.  Flower :  "  Mar  be  Dotryikerimm  •rimwm^'"'  R.  LyddLker,  Cat. 

Foss.  Mamm.  B.M.  pt.  ii.  lS8o,  p.  187. 


N.B. — General  information  on  the  distribotion  of  Pliocene  and 
Pleistocene  Fossil  Yertebrata  will  also  be  foond  in  the  following 
works : — 

W.  Whitaker,  "  The  Geology  of  London  and  of  Part  of  the  Thames 
Valley,"  2  vols.  8vo.,  London  (Geol.  Survey),  1889. 

0.  Bkid,  "  The  Pliocene  Deposits  of  Britain/*  8vo.,  London  (Geol. 
Survey),  1890.  W.  and  S. 
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L — Psor.  Capelltni  on  a  Fossil  Itauan  Specibs  or  Tomistama, 
Q.    Capbllini.       Sul    Coccodrlliano     GARiALorns    (Tomistoxa 

CALARITANUS),    SCOPERTO    NBLLA    CoLLINA  DI  CaGUARI   MEL  1868. 

Mem.  Ac.  Line.  (4)  Vol.  VL  1890,  4:  PUtes. 

TILL  within  the  last  few  years  the  existing  Schl^eFs  Gharial,  of 
Borneo,  was  the  only  known  representative  of  the  genus 
TomtBtoma,  the  skull  of  which  is  readily  distinguished  from  that  of 
the  Gangetic  Gharial  {Garialis  gangetieus)  by  the  forward  extension 
of  the  nasals  to  join  the  preroaxillse  in  the  long  snout  Within 
that  period  fossil  remains  of  this  genus  have,  however,  been 
determined  from  the  Miocene  of  Malta  (T.  champsoidet)  and 
Lower  Austria  (7*.  «^^en6«r^eiise),  while  it  has  been  suggested  that 
Blainville's  Crocodilus  macrarhynchus,  from  the  Cretaceous  Pisolite 
of  France,  might  also  be  included  in  the  same  genus.  In  the 
memoir  before  us  the  learned  Professor  of  the  University  of 
Bologna  makes  us  acquainted  with  a  third  species  from  Italian 
strata,  for  which  he  proposes  the  name  T.  calaritanvs.^  This 
species  is  described  upon  the  evidence  of  a  skull,  somewhat 
imperfect  posteriorly,  which  was  obtained  in  1868  from  beds  at 
'  T.  ealaritanum  would  appear  to  be  mote  correct. 
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Cagliari,  which  are  probably  of  Miocene  age.  Prof.  Capellini  first 
gives  us  a  plate  illustrating  the  specimen  in  the  condition  in  which 
it  was  obtained  from  the  quarry,  and  then  a  larger  plate  showing 
the  skull  completely  extracted  from  its  matrix.  All  the  characteristic 
features  of  the  genus  Tomisloma  are  displayed  in  these  plates,  so 
that  there  is  no  doubt  as  to  the  correctness  of  the  generic  determina- 
tion. The  general  characters  are  also  very  similar  to  those  of  the 
Austrian  T.  eggenhurgense  (which  the  author  considers  is  rightly 
included  in  Tomistoma,  although  originally  described  as  Gavialo- 
tuchus) ;  but  the  snout  is  relatively  shorter  and  thicker,  and  the 
snpratemporal  fossae  are  more  nearly  circular. 

The  gradually  accumulating  evidence  of  the  abundance  of  TomtBtoma 
daring  the  Tertiary  period  in  Europe  shows  conclusively  that  the 
lolitary  existing  species  of  the  genus  is  one  of  the  many  instances  of 
the  survival  in  the  Oriental  region  of  ancient  European  types. 

We  may  mention  in  passing  that  the  author  adopts  the  amended 
name  Garialia  in  place  of  the  ordinary  and  incorrect  Gavialis. 

R.  L. 

II.— Dr.  Otto  Jakel  on  Perfokating  Fungi  in  Fossil  Elasmo- 

BKANOH  Teeth. 
"Oange  von   Fadenpilzen  (Mycelttes  ossifragus,  Roux)  in  Dentin- 

BiLDUNGEN."      By    Otto    Jaekel.      [Sitzuugsb.    Ges.    naturf. 

Freunde,  1890,  pp.  92-91.] 

DURING  the  microscopical  examination  of  sections  of  the  fossil 
rostral  teeth  of  Pristiophortis,  Dr.  Jaekel  observed  the  minute 
branching  tubes  of  a  boring  organism.  The  latter  he  regards  as 
a  fungus  already  described  by  W.  Roux  as  infesting  bones  and  teeth. 
Similar  borings  are  recorded  in  "  SpJienodus  ornaii"  Corax  heterodon, 
Acnnthtaa  orpienaia,  Noiidnnua  primigenius,  and  a  new  extinct  species 
of  Trygon.  We  would  add  that  similar  borings  have  already  been 
noticed  in  fish-scales  from  the  English  Chalk. 


III.— Dk.    W.    Dames    on    a    Nothosaurian   Reptile   from    the 
Mdschelkalk. 

"Anarosaurus  pumilto,  nov.  gen.,  nov.  sp."     By  Prof.  W.  Damks. 
[Zeitschr.  deutsch.  geol.  Ges.  1890,  pp.  74^85,  pi.  i.] 

THE  author  describes  the  remains  of  the  head,  neck,  and  abdominal 
region  of  a  small  Nothosaurian,  from  the  Lower  or  Middle 
Maschelkalk  of  Remkersleben,  west  of  Magdeburg.  The  specimen 
n  preserved  in  the  Royal  University  Museum,  Gottingen,  and  it  is 
well  shown  with  its  counterpart,  of  the  natural  size,  in  the  plate 
accompanying  the  memoir.  At  first  sight  the  reptile  appears  to  be 
a  miniature  Nothosaurus,  but  it  is  considered  to  be  generically 
distinguished  by  the  club-shaped  form  of  its  lower  side-teeth,  and 
by  the  total  absence  of  a  cleft  in  the  glenoi<l  border  of  its  coracoid. 
Maro^aurus  (as  the  new  genus  is  termed)  is  also  distinguished 
from  Lartoaaurus  by  its  dentition,  and  diflfers  from  the  type  species 
of  the  latter  in  the  slenderness  of  its  ribs  and  femur,  and  in  the 
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relatively  g^reater  length  of  the  neck.  Pachypleura  (or  NeuBti' 
eosawms)  haa  no  front  teeth  such  as  characterize  the  form  now- 
described,  and  there  are  differences  in  the  limbs.  Dactylosanms  is 
also  excluded  from  comparison  both  by  its  short,  stout,  cervical 
vertebrae,  and  by  the  absence  of  an  epicondylar  foramen  in  the 
humerus.  Dr.  Dames'  study  of  the  subject  leads  him  to  conclude, 
that  all  the  Triassic  Noiho9aur%u\\ke  reptiles  may  well  be  comprised 
within  a  single  family,  that  of  Nothosauridee ;  while  the  remarkable 
Mesosauridas  ought  not  to  be  regarded  as  very  closely  related. 

A.  S.  W. 

lY. — On  the  Mexican  Meteorites,  with  especial  regard  to  the 

SUPPOSED    OCCURRENCE    OF    WIDE-SPREAD    MbTEORITIO    ShOWERS. 

By   L.   Fletcher,   M.A.,    F.R.S.,    with   maps    of    the   region. 
Mineralogical  Ma^izine,  YoL  IX.  No.  42,  pp.  91-180. 

Fthis  most  important  contribution  to  Meteoritic  Literature,  Mr, 
Fletcher  first  points  out  that  the  *' prevalent  belief  in  wide- 
spread meteoritic  showers  "  is  '*  as  regards  the  desert  of  Atacama, 
based  on  insufficient  evidence,"  and  then  goes  on  to  make  observa- 
tions, from  which  it  would  appear  that  he  includes  Mexico  in  this 
statement  Mr.  Fletcher  notes  the  Meteoritic  falls  actually  observed 
(only  seven  in  number)  ;  the  localities  in  which  Meteoritic  masses 
have  been  found ;  the  distribution  in  each  locality  ;  the  transporta- 
tion of  masses  ;  the  natural  or  artificial  dispersion  of  masses  belonging 
to  a  single  type;  and  the  facts  which  seem  to  him  to  prove  that 
many  of  the  masses  probably  belong  to  a  single  fall.  Numerous 
other  points  are  also  carefully  considered  and  the  history  of  each 
known  mass  is  treated  in  detail,  the  actual  locality  being  shown  on 
the  maps  appended.  Although  dealing  with  the  Meteoritic  falls 
in  a  limited  district,  this  paper  throws  a  great  light  on  the  general 
subject  and  will  be  found  most  instructive  to  all  those  who  are 
interested  in  cosmical  phenomena. 


I. — Dr.  Ristori  on  Fossil  Italian  Apes. 
Bistori,  G.     Le  Scimmie  Fossili  Italians,     fioll.  Com.  QteoL  YoL 
Yll.  Nos.  BS  (1890). 

IN   this  communication  the    author    affords    us   some  iropoi*tant 
and  interesting  information  as  to  the  affinities  of  the  fossil  A()e 
from  the  Miocene  of  Monte  Bamboli  known  as  Oreopithecua  bamboHL 
This  Ape  was  originally  described  by  Gervais  on  the  evidence  of  an 
imperfect  lower  jaw  of  an  immature  individual ;    and  was   then 
regarded  as  being  a  true  anthropoid.      Quite  recently,  however,  Dr. 
Max  Schlosser  came  to  the  conclusion  that  the  genus  has  nothing 
to  do  with  that  group,  but  was  very  closely  allied  to  Cynocephaha, 
Dr.  Ristori  now  describes  and  figures  a  number  of  imperfect  jaws, 
and  considers  that  while  there  are  undoubtedly  some  signs  of  affinity 
vnth    the    Ggrcopithectda,    as   represenlBd  \>^    Semnoptd^cuf    and 
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CfMeephalvMj  yet  there  are  others  of  fully  equal  importance  con- 
necting it  with  the  Simida,  the  charaoters  being,  indeed,  so  equally 
balanced  that  the  author  appears  to  be  undecided  to  which  family  it 
should  be  referred.  Among  the  characters  allying  Oreapitiueui  to 
the  inferior  apes  are  the  great  length  of  the  dental  series,  and  the 
elongation  of  the  last  molars — especially  those  of  the  lower  jaw. 
On  the  other  hand,  anthropoid  affinities  are  displayed  in  the  short- 
ness of  the  faoe,  the  rounding  of  the  chin,  and  the  contour  of  the 
molars,  in  which  the  tubercles  are  arranged  diagonally,  and  do  not 
exhibit  the  complete  cross-crests  of  the  Simiida.  The  species  was 
of  somewhat  l«u*ger  size  than  a  Gibbon  ;  and  it  appears  highly 
probably  that  the  author  is  right  in  considering  this  interesting  form 
as  one  of  the  ancestors  of  the  existing  anthropoid  Apes. 

The  remainder  of  the  paper  is  devoted  to  the  consideration  of 
Semnopiiheau  mon^petsulanus  and  Maeaeus  (Jmuus)  florerUinu$  of  the 
Pliocene  of  the  Val  d*Arno.  The  latter  was  originally  described  by 
Cocchi  as  the  type  of  a  distinct  genus,  under  the  name  of  Autaxinutu ; 
and  it  appears  that  Dr.  Forsyth  Major's  Maaieus  ausomanug  is  merely 
a  synonym  of  this  form. 

We  are  much  interested  to  learn  that  this  memoir  is  one  of  a  series 
intended  to  illustrate  the  whole  of  the  Mammalian  fauna  of  the 
Italian  Tertiaries,  if  the  necessary  funds  are  supplied  by  the  Oovem- 
ment.  The  importance  of  such  a  series  cannot  be  overestimated, 
not  only  to  the  students  of  Italian  palaeontology,  but  likewise  to 
those  of  other  countries — and  more  especially  England.  We  there- 
fore most  earnestly  hope  that  the  Italian  Government  will  be  induced 
to  afford  the  supplies  necessary  to  continue  this  most  important 
work,  which  we  feel  sure  will  be  well  carried  out  under  the  direction 
of  Professor  Stoppani.  R.  L. 


11. — De.  K.  a.  von  Zittbl's  Handbook  of  Paljsontology. 

Handbcgh  deb  PaLlSontologib — Pausozooloqie,  Band  III.  Libf.  4. 
By  Earl  A.  von  Zittel.  pp.  633-900,  woodcut  figs.  661-719. 
(R.  Oldenbourg,  Munich  and  Leipzig,  1890.) 

THE  fourth  part  of  the  third  volume  of  this  work,  relating  to 
Palseozoology,  has  just  been  issued,  and  extends  to  the  end  of 
the  section  Aves.  The  index  and  title-page  of  vol.  iii.  are  also  added, 
and  there  is  a  short  list  of  Corrigenda,  chiefly  in  connexion  with 
the  class  Pisces.  The  Order  Crocodilia  occupies  the  first  fifty  pages, 
and  is  regarded  as  comprising  the  three  suborders  of  Parasuchia, 
Paeudosuchia,  and  Eusuchia  ;  the  second  being  founded  for  the 
reception  of  the  remarkable  Triassic  genera  Aetosaurvs,  Typoihorox, 
and  Dyoplax,  while  the  third  includes  both  the  Eusuchia  and 
Mesusuchia  of  Huxley's  classification.  Few  of  the  illustrations  are 
new,  but  the  selection  of  published  figures  is  such  as  to  render  Dr. 
Ton  Zitters  account  the  most  completely  illustrated  synopsis  of  the 
order  that  has  hitherto  appeared.  The  number  of  genera  with 
appended  queries  shows  how  much  scope  for  investigation  still 
zemaina  for  any  one  able  to  undertake  an  extended  review  ot  a\a\Va\A^ 
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materials ;  and  there  will  doabtless  be  much  difference  of  opinion 
upon  some  of  the  author's  views  of  synonymy.  The  difficult  taftk  of 
presenting  an  impartial  and  comprehensible  rtBume  of  the  Dinosauria 
(as  they  are  still  termed)  is  accomplished  in  Dr.  Ton  Zittel's  best 
style.  Several  pages  are  devoted  to  the  history  of  the  classification 
of  the  order,  with  an  outline  of  its  principal  osteological  characters ; 
and  considerable  space  is  then  occupied  with  a  detailed  account  of 
each  of  the  principal  types.  Three  subordinal  divisions — Sauropoda, 
Theropoda,  and  Orthopoda — are  adopted,  and  of  the  numerous  illus- 
trations no  less  than  two-thirds  are  the  fine  woodcuts  published  in 
the  well-known  memoirs  of  Prof.  Marsh.  In  contributions  to 
knowledge  of  this  order,  indeed,  Europe  sinks  into  insignificance, 
except  as  regards  the  Iguanodontidsd,  Compsognathidse,  and 
Zanclodontidse.  As  in  the  case  of  the  Crocodilia,  some  of  the 
nomenclature  adopted  will  not  meet  with  general  approval,  especially 
in  the  New  World ;  but  Dr.  von  Zittel  has  wisely  selected  for  special 
prominence  a  series  of  the  most  satisfactorily  preserved  types, 
recording  them  under  the  names  they  received  in  the  original 
memoirs,  thus  enabling  the  student  and  general  reader  to  obtain  a 
clear  idea  of  the  subject  without  becoming  involved  in  the  perplexi- 
ties of  synonymy,  which  none  but  a  specialist,  with  the  actual 
materials  before  him,  can  understand.  The  Pterosauria  constitute 
the  last  order  of  Reptiles  discussed,  and  are  illustrated  by  several 
fine  figures  of  remains  from  the  Bavarian  Lithographic  Stone.  The 
author's  well-known  memoir  of  1882  forms  the  ba^is  of  much  that 
has  scarcely  been  incorporated  in  a  text-book  previously  ;  and  the 
introduction  of  the  graphic  restored  figure  of  JRhamphorhynchus, 
originally  adorning  that  memoir,  is  a  new  feature  in  the  present 
**  Handbuch." 

The  preliminary  chapter  to  the  class  Aves  is  of  the  usual  concise 
and  complete  character ;  and  in  the  systematic  description  the  three 
orders  of  Saururas,  Batita?,  and  Carinatse  are  recognized.  Owen's 
original  figure  of  Arclueopteryx  is  not  dispensed  with,  as  often 
happens  now,  to  make  way  for  an  illustration  of  the  beautiful  fossil 
in  Berlin  ;  but  both  are  given,  the  one  made  to  supplement  the  other. 
Hochstetter's  restored  portrait  of  Dinomis  is  as  efiective  as  the  sketch 
of  Rhamphorhynehus  already  mentioned,  and  forms  a  well-chosen 
contrast  to  the  dry  bones  on  the  succeeding  pages.  The  genera 
Meionomis  and  Palapteryx  are  admitted  as  distinct  from  Dinomis, 
but  the  so-called  Euryapieryx  becomes  a  synonym  of  the  second,  as 
determined  by  Hutton  and  Fiirbringer.  The  Odontolcae  are  referred 
to  the  RatitsB,  and  the  Odontormsd  to  the  Carinatsa:  and  the 
numerous  recent  families  of  Carinatas  with  extinct  representatives 
are  arranged  in  sixteen  suborders,  the  latest  researches  of  Fiirbringer 
being  especially  taken  into  consideration.  Most  of  the  genera  are 
simply  recorded,  but  a  brief  statement  of  characters  or  distribution 
is  given  in  the  case  of  some  of  the  principal  types ;  and  the  only 
important  omission  in  the  references  to  literature  we  notice  is 
Symington  Grieve's  work  on  the  Great  Auk. 

The  index  to  the  volume,  comprising  both  genera  and  species, 
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oocapies  thirty-four  pages  of  three  oohimns  each,  and  hoth  students 
and  investigators  in  the  Pala3ontology  of  the  Lower  Vertebrates  will 
feel  that  at  last  they  have  some  definite  and  satisfactory  basis  to 
work  upon.  Dr.  von  Zittel  is  to  be  congratulated  upon  the  com- 
pletion of  another  part  of  his  laborious  undertaking,  and  the  most 
gratifying  reward  that  the  Professor  can  receive  must  be  the  very 
evident  improvement  in  the  respective  authors*  knowledge  of  the 
literature  of  the  subject  in  recent  contributions  to  the  Palaeontology 
of  Fishes,  Amphibians,  and  Keptiles.  A.  S.  W. 

I  I        I     B^^^-* 

m. — Db.  Otto  Jaekkl  on  thk  Systkmatio  Position  and  Fossil 

Hbmains  of  Pristiophorus, 
"Uebeb  die  ststebiatisgub  Stblluno  und  ueber  fossile  Hestb 

DKR   Gattuno  Priatiophorua.**      By  Otto   Jarkel.      [Zeitschr. 

deutsch.  geol.  Ges.  1890,  pp.  86-120,  pis.  ii.-v.] 

THIS  is  a  valuable  contribution  to  our  knowledge  of  an  interesting 
Selachian  family,  of  which  few  traces  have  been  met  with 
among  fossils.  Six-sevenths  of  the  memoir  relate  to  the  skeleton 
of  the  existing  species,  comprising  observations  made  in  the  Berlin 
and  British  Museums;  and  the  remaining  pages  are  devoted  to  a 
description  of  the  fossil  remains  regarded  by  the  author  as  pertaining 
to  the  same  type.  Prof.  Carl  Hasse  has  already  recorded  vertebra3 
o(  Pristiophorvs  from  the  Molasse  of  Baltringen,  Wiirtemberg;  and 
Dr.  Jaekel  now  describes  rostral  teeth  from  the  same  formation  and 
locality,  considered  to  justify  the  establishment  of  a  new  species, 
Fristiophorus  suevicus.  The  fossils  from  the  Amuri  Beds  of  New 
Zealand,  determined  by  J.  W.  Davis  to  be  caudal  spines  of  a  new 
species  of  Trygon  (T.  ensi/er)^  are  now  shown,  from  microscopical 
characters,  to  be  rostral  teeth  of  another  extinct  form  of  Prtstiophortui. 
The  remarkable  SclerorhynchuSj  from  the  Upper  Cretaceous  of  Mount 
Lebanon  is  also  discussed  and  considered  to  be  a  subgenus  of 
Pristiophorus.  As,  however,  a  discovery  in  the  British  Museum 
a  year  ago  (Proc.  Zool.  Soc.  1889,  p.  450)  suggested,  and  probably 
proved,  that  the  trunk  of  the  Lebanon  genus  had  been  erroneously 
described  under  the  name  of  Squattna  crassidena,  it  may  be  well  that 
Dr.  Jaekel  should  reconsider  the  subject.  There  is  a  fine  example 
of  the  so-called  S.  crassidena  in  the  Noetling  Collection  at  Berlin, 
which  will  probably  be  available  for  study  and  comparison. 

A.  S.  W. 


IV. — Proceedings  of  thk  Geologists'  Association,  Vol.  XL  No.  8. 

November,  1890. 

AMONG  the  many  papers  in  this  number,  that  of  Mr.  B.  B. 
Woodward,  on  the  Pleistocene  (non-marine)  Mollusca  of  the 
London  Basin  seems  to  be  the  most  valuable.  It  is  this  kind  of 
contribution  that  we  like  to  see,  this  collecting  together,  and  adding 
to,  of  all  available  information  on  one  subject  Indeed  in  these  days 
of  unlimited  writing,  the  author  who  Uikes  the  trouble  to  sift  the 
wheat  from  the  chaff  deserves  as  much,  or  even  more  thanks,  than 
he  who  adds  scrappy  notes  to  the  mass.  Mr.  Woodward  has  ^r^- 
Bented  to  us,  Jn  some  £fty  pages,  the  results  of  all  reseatcVieft  m  \k^ 
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subject,  and  further  be  has  orammed  his  paper  with  obserrations 
and  notes  of  such  value,  that  it  must  constitute  the  principal  source  of 
reference  to  future  workers.  The  paper  is  well  illustrated  and  it  is 
highly  creditable  to  the  Association  that  they  have  devoted  so  much 
space  to  this,  and  so  assisted  the  reader  and  rendered  the  work  of 
greater  service.  A  list  of  the  Pleistocene  (non-marine)  Mollusca  is 
appended,  with  the  correct  nomenclature,  but  such  great  confusion 
stiil  exists  in  the  question  of  priority,  that  no  doubt  two  of  the 
genera  will  be  changed  in  the  addenda  to  the  completed  volume. 

A  full  report  of  the  Excursion  of  the  Association  to  the  Italian 
Volcanoes,  by  Dr.  Johnston  La  vis  follows,  and  should  be  of  material 
service  to  those  who  could  not  avail  themselves  of  Dr.  Lavis*  per- 
sonal guidance,  on  that  interesting  occasion. 

Professor  Boulger  contributes  a  paper  on  Capulut,  containing 
the  description  of  a  new  species,  illustrated  by  a  coloured  plate. 
Other  papers  of  great  interest  by  Dr.  Wheel  ton  Hind,  M8jor-G^en. 
McMahon.  T.  P.  Moody,  H.  W.  Monckton,  G.  F.  Monckton  (Gold 
Deposits  of  Nova  Scotia),  H.  M.  Klaassen,  and  W.  J.  Lewis  Abbott, 
complete  this  bulky  number,  but  space  does  not  permit  us  to  notice 
all  these  contributions  in  detail. 


V. — Rkoords  of  the  Geological  Survey  of  New  South  Wales. 
Vol.  II.  Part  1,  pp.  1-36,  with  3  tables,  2  plates  and  a  map. 
(Sydney,  Department  of  Mines,  1890.) 

I.  Mr.  T.  W.  Edgewobth  David  publishes  a  proposed  "Petro- 
logical  Classification  for  the  Eocks  of  New  South  Wales,'*  giving  the 
terms,  lettering  and  signs  to  be  employed  by  the  Survey. 

II.  Under  the  name  T.  Lonadalei,  Mr.  R.  Etheridgb,  jnn., 
describes  a  new  species  of  Tryplaama,  Lonsdale  {Pholidophylluwi, 
Lindstrom),  from  the  Upper  Silurian  of  N.S.  Wales.  The  "  pores  " 
described  by  Lonsdale,  the  existence  of  which  was  doubted  by 
Lindstrom,  are  explained  as  impressions  of  the  thorn-like  septa  in  the 
matrix  filling  the  inter-tabular  spaces.  In  the  same  paper  Mr. 
Etheridge  assigns  doubtfully  to  DiphyphyHum  a  new  species,  D. 
Porteri,  from  the  Devonian  limestones  near  Tam worth,  N.S.W.  The 
specimens  show  interesting  structural  features,  and  suggest  the 
existence  of  an  inner  wall. 

III.  Mr.  W.  Anderson  has  some  notes  of  considerable  practical 
value  "  on  the  Tertiary  Deep  Lead  at  Tumbarumba,"  an  auriferous 
river-bed  covered  by  lava-flows.    The  paper  is  accompanied  by  a  map. 

IV.  In  a  paper  of  anthropological  rather  than  of  geological  interest 
Mr.  R.  Etheridge,  jun.,  desciibes  and  figures  **The  Aboriginal 
Rock-Carvings  at  the  Head  of  Bantry  Bay,  Middle  Harbour,  Port 
Jackson,"  which  he  thinks  "  formed  a  portion  of  a  Bora-ground,  the 
spot  set  apart  for  the  performance  of  the  initiatory  mysteries  attending 
the  entrance  of  youths  into  manhood's  estate." 

y.  is  a  note  on  Dromornis  AustraltB,  Owen,  by  the  same  writer. 

Possibly  the  low  price  of  this  publication — Is.  6(2.— is  held  to 
excuse  the  misprints  that  disfigure  it :  the  Government  printer  should 
have  his  attention  drawn  to  these,  especially  in  Article  II. 
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Qeoloqioal  Sooiktt  of  London. 

I.— Nov.  12, 1890.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the  Chair. 
The  Pbksidknt  reported  that  Mr.  L.  Beliufante  had  been  tem- 
porarily appointed  bj  the  Council  to  the  Offioe  of  Assistant- Secretary. 
The  following  oommnnications  were  read  : 

1.  "On  the  Porphyritio  Rocks  of  the  Island  of  Jersey."  By 
Prof.  A.  Do  Lapparent,  Foreign  Correspondent  of  the  Society. 
(Commanicated  by  the  President.) 

The  author  had  some  years  ago  described  as  Permian  a  series  of 
porphyritio  rocks,  of  which  specimens  had  been  sent  to  him  from 
Jersey.  He  had  since  been  led  to  believe  that  this  view  of  their 
age,  arrived  at  from  what  he  knew  of  similar  rocks  in  France,  was 
erroneoDS,  and  in  a  recent  visit  to  the  island  had  satisfied  himself 
that  the  English  observers  who  had  assigned  to  these  rocks  a  much 
higher  antiquity  were  in  the  right  He  now  found  that  the  igneous 
rocks  in  question  underlie  the  Rozel  conglomerate,  which  must  be 
placed  at  the  very  base  of  the  Silurian  formations.  He  reserved  his 
detailed  statement  for  a  communication  to  the  Geological  Society  of 
France  ;  his  present  object  being  to  do  justice  to  English  geolugists, 
whose  views  he  had  formerly  opposed. 

2.  *'  On  a  New  Species  of  Trionyx  from  the  Miocene  of  Malta,  and 
a  Chelonian  Scapula  from  the  London  Clay."  By  R.  Lydekker, 
Esq..  B.A.,  F.G.S. 

(i.)  The  anterior  portion  of  a  carapace  from  the  Miocene  of  Malta 
exhibits  a  divided  neural  between  the  first  pair  of  costals,  as  in  the 
Indian  species  of  TrionyZy  and  in  Chitra.  The  author  describes  this 
Maltese  fossil,  and  discusses  its  relationship  to  Trionyx  and  Chitra, 
and  names  it  Trionyx  melitensis. 

He  notes  the  interest  of  finding  another  Oriental  form  in  the 
Miocene  of  the  Maltese  Islands,  which  has  already  yielded  a  species 
of  Tomistoma, 

(ii.)  A  large  scapula  from  the  London  Clay  of  Sheppey  is  referred 
to  Eosphargis  gigas,  and  is  considered  to  support  Dr.  Baur*s  view  as 
to  the  intimate  affinity  between  the  Dermochehjida  and  Chelonida. 

3.  "Notes  on  Specimens  collected  by  W.  Gowland,  Esq.,  F.C.S., 
in  the  Korea."  By  Thomas  H.  Holland,  Esq.,  of  the  Geological 
Snrvey  of  India,  late  Berkeley  Fellow  of  the  Owens  College. 
(Communicated  by  Prof.  J.  W.  Judd,  F.R.S.,  F.G.S.) 

The  southern  half  of  Korea  traversed  by  Mr.  Gowland  is  of  a 
hilly  character.  The  rocks  forming  the  hills  are  chiefly  crystalline 
Bchists — gneisses  with  gi*aphite,  garnet,  dichroite,  and  fluor  occurring 
in  considerable  abundance,  and  the  whole  group  is  probably  part  of 
the  great  Archaean  mass  of  North-east  China.  The  author  describes 
these  metamorphic  rocks  in  detail. 

Stratified  rocks,  probably  of  Carboniferous  age,  lie  unconformably 
^pon  the  schists  in  the  south-eastern  part  of  the  peninsula,  and 
petrograpbical  notes  of  these  are  given  in  the  paper.    ThrougVi  IbA 
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crjgtalline  scbists  and  stratified  rocks  varioas  igneons  rocks  have 
been  erupted  as  dykes  or  in  large  masses.  Amongst  these  the  most 
conspicuous  rock  is  granite.  Biotite-  and  muscovite-granite  are 
most  widely  distributed,  and  in  places  are  cut  by  dykes  of  eurite 
and  veins  of  quartz  and  pegmatite.  The  more  basic  class  of  rocks 
is  represented  by  diorites,  propylites,  andesites,  basalts,  doleriteg, 
and  gabbros.  Interesting  cases  of  the  gradual  passage  btftween  the 
so-called  intermediate  and  basic  rocks  are  found,  and  various  stages 
in  the  devitrification  and  decomposition  of  audesitic  lavas  represented. 
These  are  described  in  detail  by  the  author,  and  compared  with 
similar  cases  in  other  regions ;  and  full  descriptions  of  the  intrusive 
rocks  are  furnished. 

There  are  now  no  active  volcanoes ;  and  there  is  a  notable  lack  of 
mineral  wealth  in  the  southern  part  of  the  Korea. 

4.  "  Further  Notes  on  the  Statigraphy  of  the  Bagshot  Beds  of  the 
London  Basin  (north  side)."     By  the  Rev.  A.  Irving.  D.Sc.,  F.G.S, 

1.  The  author  brings  forward  new  evidence  from  well-sections, 
clay-pits  recently  opened,  and  excavations,  confirming  the  reading  of 
the  country  between  Wellington-College  and  Wokingham  Stations 
on  the  S.E.  Railway,  as  put  forward  by  him  in  1887  (Q.  J.  G.  8. 
vol.  xliiL  and  figure  1  of  the  paper).  We  have  now  actual  data  for 
the  gradients  of  the  clay-beds,  and  the  thinning-out  of  both  the 
Ijower  (fluviatile)  Sands  and  of  the  Middle  green-earth  series;  the 
latter,  when  taken  into  account,  bringing  the  clays  in  the  Wokingham 
outlier  into  stratigrnphical  alignment  with  the  basal  clays  of  the 
Middle  Group.  Certain  clays  at  California  are  also  shown  to  be  in 
alignment  with  these  ;  and  a  sketch-section  from  Ambarrow  to 
Barkham  Hill  shows  the  relative  gradients  of  certain  horizons  to  lie 
such  as  to  justify  the  relegation  of  the  Pebble-bed  there  to  the  base 
of  the  Uppt* r  Sands  ;  while  a  microscopical  examination  of  the  sands 
above  it  brings  out  the  lithological  identity  of  these  and  of  the  sands 
capping  Farley  Hill  with  the  basal  beds  of  the  Upper  Sands  at 
Wellington  College  and  on  Finchampstead  Ridges.  The  accidental 
occurrence  of  thin  seams  of  pipe-clay  is  rejected  as  a  test  of  horizonsi 
as  affording  only  ambiguous  evidence. 

2.  A  similar  succession  is  shown  in  a  section  drawn  from  Wel- 
lington College  Well  through  the  sand-pit  at  the  brick-yards  by 
Ninemile  Ride  (base  of  the  Middle  Clays  exposed),  Easthampstead 
Church  Hill  (with  more  recent  data),  and  Bill  Hill  (Easthampstead), 
to  the  S.W.  Railway  at  Bracknell,  bringing  the  higher  beds  of  those 
two  hills  into  the  horizon  of  the  Upper  Sands.  Further  notes  are 
also  added  to  those  of  the  author's  1888  paper  (Q.J.G.S.  vol.  xliv.) 
on  the  Ascot  Hills,  Englefield  Green,  and  Windsor  Park,  where  the 
transgressive  relation  of  the  Bagshot  Beds  to  the  London  Clay  is 
maintained. 

8.  In  conclusion,  the  author  points  out  that  the  new  well-sections 
confirm  the  trustworthiness  of  that  at  Wellington  College  as  a 
vertical  datum-line  ;  he  criticises  the  views  of  previous  writers  and 
maintains  that,  with  the  aid  of  Lieut^  Lyons'  recently  published 
contour-map,  we  can  now  discriminate  between  the  effects  of  con- 
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iraneons  and  post- Eocene  earth -movements  in  the  area ;  and 
that  the  physical  history  of  the  Bagshot  Beds,  which  be  has  himself 
propounded,  is  substantiated  by  the  stratigraphical  evidence. 

IL—Nov.  26, 1890.-— A.  Geikie,  F.R.S.,  President,  in  the  Chair. 
—The  following  communications  were  read  : — 

1.  ''Acoount  of  an  Experimental  Investigation  of  the  Law  that 
Limits  the  action  of  Flowing  Streams."  By  R.  D.  Oldham,  Esq., 
A.R.S.M.,  F.G.S.,  Deputy  Superintendent  of  the  Geological  Survey 
of  India. 

The  author  hrings  forward  evidence  derived  from  experiments  in 
support  of  the  views  expressed  in  a  paper  submitted  to  the  Society 
in  1888.  His  apparatus  consisted  of  a  sloping  trough,  through 
which  various  amounts  of  water  containing  definite  percentages  of 
sand  could  be  sent.  The  lower  end  of  the  trough  issued  on  to  a 
semicircular  platform. 

In  three  experiments  with  the  trough  at  a  slope  of  1  in  20,  and 
with  the  same  work  to  be  done  in  each  case,  the  resulting  slopes 
after  sand  had  accumulated  in  the  trough  were  as  follows  : — With 
one  part  of  sand  to  42  of  water,  a  slope  of  1  in  40  ;  with  1  of  sand 
to  28  of  water,  I  in  20  ;  and  with  1  of  sand  to  14  of  water,  1  in  13'3. 
These  slopes  were  obtained  when  a  condition  of  equilibrium  had 
been  maintained  so  that  the  water  was  ju&t  able  to  transport  its 
burden.  By  increasing  the  supply  of  water  from  14 : 1  to  42  : 1,  the 
original  slope  was  eventually  obtained. 

On  the  Ian  formed  on  the  horizontal  platform  variations  in  the 
water  supply  did  not  produce  nearly  so  marked  an  effect  as  in  the 
confined  channel,  and  the  slope  varied  considerably  in  different 
directions. 

After  a  time  a  channel  was  cut  hack  into  the  fan,  and  its  sand 
swept  forward  and  deposited  as  a  secondary  fan  in  front  of  the  first ; 
and  as  this  grew,  it  cut  back  into  the  reach  above,  and  this  in  turn 
cut  back  towards  the  head  of  the  fans,  and  sometimes  into  the 
trough.  In  some  cases  other  secondary  fans  were  formed  on  the 
margin  of  the  main  fan,  but  the  apparatus  was  not  large  enough 
for  further  formations.  The  general  slope  of  the  fans,  both  primary 
and  secondary,  was  '06,  and  that  of  the  reach  only  '04,  while  at  the 
head  of  the  reach,  where  it  was  cutting  back  into  the  face  above, 
there  was  a  gradient  of  '08 

The  general  tendency  of  the  experiments  supports  not  only  the 
specific  conclusions  as  to  the  normal  form  and  behaviour  of  a  river 
which  has  attained  a  state  of  equilibrium,  but  to  a  greater  degree 
the  fundamental  assumption  that  a  river  will  adapt  its  channel  to 
such  a  slope  and  form  as  will  enable  it  to  just  transport  a  solid 
burden  cast  upon  it. 

2.  "On  the  Bocks  of  North  Devon."  By  Henry  Hicks,  M.D., 
F.R.S.,  Seo.G.S. 

During  a  recent  visit  to  North  Devon  the  author  obtained  evidence 
which  has  led  him  to  believe  that  far  too  little  importance  has 
hitherto  been  assigned  to  the  results  of  movements  iu  the  Earth*E 
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omst  as  affecting  tbe  snooession  of  the  rocks  in  that  area.  The  sup- 
posed continnons  upward  succession  from  the  rocks  on  the  shore  of 
the  Bristol  Channel  to  those  in  the  neighboarhood  of  Barnstaple, 
including,  according  to  some  authors,  no  less  than  ten  groups,  and 
classed  into  three  divisions  under  the  names  Lower,  Middle,  and 
Upper  Devonian,  is,  the  author  believes,  an  erroneous  interpretation. 
The  beds,  he  says,  have  been  greatly  plicated  and  faulted,  and  con- 
sequently several  times  repeated,  and  instead  of  being  one  continuous 
series,  they  occur  folded  in  more  or  less  broken  troughs.  In  the 
Morte  Slates,  previously  considered  unfossiliferous,  the  author  found 
a  Ungula,  and  he  believes  that  these  slates  are  the  oldest  rocks  in 
the  area,  and  formed  the  floor  upon  which  the  Devonian  Rocks  were 
deposited  unconformably.  As  the  result  of  movements  in  the  Earth*8 
crust,  the  Morte  Slates  have  been  brought  to  the  surface  and  thrust 
over  much  newer  rocks,  producing  a  deceptive  appearance  of  over- 
lying the  latter  conformably.  The  Morte  Slates  mark  the  dividing 
line  between  the  two  main  troughs.  On  the  north  side  in  ascending 
order  are  the  Hangman  (or  Lynton),  Combe  Martin  Bay,  and  Ilfra- 
combe  Beds,  and  on  the  south  side  the  Pickwell  Down,  Baggy  Point, 
and  Pilton  Beds.  Those  on  the  south  side  of  the  Morte  Slates  are, 
the  author  believes,  a  repetition  of  the  beds  on  the  north  side.  The 
palsbontological  evidence  is  not  antagonistic  to  this  view,  for  an 
analysis  of  the  Brachiopoda,  the  only  group  of  fossils  in  the  beds  on 
the  south  side,  which  hitherto  have  been  systematically  examined, 
shows  that  of  the  twenty  species  mentioned  by  Mr.  Davidson  and 
others  as  occurring  in  the  Pickwell  Down,  Baggy  Point,  and  Pilton 
Beds  (the  so-called  Upper  Devonian  rocks),  no  less  than  thirteen 
have  already  been  found  in  the  Middle  or  Lower  Devonian  rocks  on 
the  north  side  of  the  Morte  Slates.  Four  others  are  recognized 
Middle  Devonian  species  in  other  areas;  and  the  three  remaining 
are  either  doubtful  species  or  ones  which  have  a  great  vertical  range. 
These  facts  show  that  the  so-called  Upper  Devonian  rocks  in  this 
area  do  not  contain  a  distinguishing  fauna  of  any  importance  ;  and 
the  stratigraphical  evidence  is  opposed  to  the  view  that  they  are 
a  series  of  rocks  distinct  from  those  on  the  north  side  of  the  Morte 
Slates,  which  have  been  classed  as  Middle  and  Lower  Devonian. 


m.— December  10,  1890.- Dr.  A.  Geikie,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  **  On  some  Water- worn  and  Pebble- worn  Stones  taken  from 
the  Apron  of  the  Severn  Commissioners*  Weir  erected  across  the 
River  at  Holt  Fleet  about  eight  miles  above  Worcester."  By  Henry 
John  Marten,  Esq.,  M.Inst.C.E.,  F.G.S.,  etc.,  Engineer  to  the  Severn 
Commissioners. 

The  Weir  referred  to  in  the  paper  was  built  in  1844  of  soft  red 

sandstone,  and  some  of  the  stones  composing  the  apron  of  the  Weir 

showing  signs  of  decay  were  removed  in  1887.     The  average  quan- 

fi'fjr  of  water  paeawg  over  each  square  foot  of  the  stones  composing 

the  apron  has  been  estimated  at  about  2000  ^«\\o\ii&  ^t  m\ii\iie«    A 
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laige  proportion  of  the  stones  had  heen  drilled  through  and  through 
by  the  action  of  the  current  upon  small  pebbles  lodged  in  hollows  or 
between  the  joints  of  the  stone ;  and  the  author  estimates  that  as  a 
result  of  43  years  of  erosion,  six  of  the  stones  of  the  apron,  which 
may  be  taken  as  a  sample,  had  lost  the  following  amounts  respec- 
tively :— 45,  60,  48,  50,  37,  and  58  per  cent 

2.  *'  On  the  Physical  Geology  of  Tennessee  and  adjoining  Districts 
in  the  United  States  of  America."  By  Prof.  Edward  Hull,  M.A., 
LL.D.,  F.R.S.,  F.O.S.,  late  Director  of  the  Geological  Survey  of 
Ireland. 

The  area  desoribed  in  the  paper  is  occupied  by  the  Unaka  or  Blue 
Eidge,  which  may  be  regarded  as  one  of  the  parallel  ridges  of  the 
Ail^hanieSy  and  the  prolongation  of  Prof.  J.  D.  Dana's  "  Archaran 
Protaxis."  It  runs  in  a  general  south-westerly  direction,  and  attains 
an  elevation  of  G760  feet.  At  its  base,  and  to  the  north-west  of  it, 
is  the  Valley  of  East  I'ennessee,  about  40  miles  wide,  and  furrowed 
by  north-east  and  south-west  ridges  and  depressions,  parallel  to  the 
strike  of  the  Cambrian  and  Silurian  beds.  Through  this  runs  the 
Tennes8«^e  River,  which,  instead  of  running  south  to  the  Gulf  of 
Mexico,  turns  to  the  north-west,  some  distance  below  Chattanooga, 
and  cuts  through  the  Cumberland  table-land,  a  prolongation  of  the 
Appalachian  mountains,  and  flows  into  the  Ohio  Kiver. 

ilie  Cumberland  table-land  has  an  average  height  of  2000  feet 
above  the  sea,  and  1350  feet  above  the  Tennessee  Hiver  at  Chatta- 
nooga. It  consists  of  a  synclinal  of  Carboniferous  rocks  resting 
conformably  upon  the  Devonian  beds,  and  is  bounded  along  the  East 
Tennessee  Valley  by  a  curved  escarpment ;  a  similar  though  more  in- 
dented escarpment  forming  its  north-western  margin,  and  separating 
it  from  the  Silurian  plain  of  Nashville,  llie  table-land  is  about  40 
miles  wide,  and  is  intersected  by  the  valley  of  the  Sequachee  Kiver, 
running  in  a  north-easterly  direction  along  a  subsidiary  anticline 
from  near  Jasper  for  a  distance  of  sixty  miles. 

From  the  base  of  the  Cambrian  beds,  the  whole  Lower  and  Upper 
Palaeozoic  formations  succeed  each  other  in  apparently  conformable 
sequence,  except  at  the  junction  of  the  Upper  and  Lower  Silu- 
rian series,  where  a  probable  discordance  occurs.  The  prolonged 
period  of  subsidence  and  deposition  at  length  gave  way  to  elevation ; 
acting  with  the  greatest  efifect  along  the  Alleghanies.  Under  these 
circumstances,  denudation  proceeded  most  rapidly  along  the  tract 
bordering  the  Protaxis,  whilst  the  synclines  were  protected  from 
erosion  to  a  greater  decree;  and  as  the  elevatory  movement  was 
more  rapid  along  the  Unaka  range,  the  flow  of  the  streams  was 
generally  westward.  At  a  later  period  the  Cumberland  plateau 
began  to  be  formed  by  backward  erosion  of  the  strata  in  the 
direction  of  the  dip ;  so  that  it  owes  its  development  to  the  erosion 
of  the  Tennessee  and  Clinch  Eivers  on  the  one  hand,  and  to  the 
Cumberland  River  on  the  other.  Where  the  Tennessee  River  flows  in 
a  north-westerly  direction  through  the  Cumberland  plateau,  the  divide 
between  it  and  the  Gulf  of  Mexico  is  only  280  feet  above  the  river- 
bed, whilst  the  table-land  is  1400-1500  feet  above.     The  author 
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infers,  therefore,  that  when  the  river  began  to  erode  its  channel,  the 
plateau  was  relatively  lower  than  the  tract  to  the  sooth  of  the 
present  coorse  of  the  stream,  but  that  by  denudation  the  relations 
have  been  reversed,  whilst  the  river  has  never  left  its  originally 
selected  course. 

The  author  compares  the  state  of  things  with  that  which  must 
have  occurred  in  the  case  of  the  northerly  rivers  running  from  the 
centre  of  the  Wealden  axis ;  but  mentions  that  Prof.  Safford  and 
Mr.  J.  Leslie  account  for  the  Cumberland  plateau  by  faulting,  though 
he  thinks  that  the  well-defined  escarpment  along  the  valley  of  East 
Tennessee  seems  to  show  that  this  cause  is  insufficient. 

In  conclusion,  he  believes  that  the  denudation  was  accelerated 
during  the  pluvial  or  *' Cbamplain  *' period,  and  calls  attention  to 
the  "  Columbia  formation  "  on  the  east  side  of  the  Alleghanies,  and 
to  the  deposit  of  red  loam  by  which  the  surface  of  the  country  of  the 
valleys  of  the  Tennessee  and  Sequachee  is  overspread,  and  which  is 
probably  referable  to  a  similar  stage. 

3.  "On  certain  Omithosaurian  and  Dinosaurian  Bemains."  By 
B.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  is  indebted  to  Professor  0.  C.  Marsh  for  the  correct 
determination  of  the  bones  described  in  the  paper. 

1.  Omithosaurian  Quadrates, — The  reptilian  bones  in  the  British 
Museum,  Nos.  43034,  44183,  and  41179,  are  Omithosaurian  quad- 
rates. The  two  latter  belonged  to  the  right  side  of  the  sknll.  The 
distal  extremity  of  each  forms  a  deeply  grooved  oblique  trochlea, 
above  which  is  a  nearly  quadrangular  shaft.  To  the  inner  side  of 
this  shaft  is  attached,  by  suture,  a  flattened  plate  of  bone,  concave 
internally,  and  convex  externally,  representing  part  of  the  pterygoid ; 
80  that  the  relation  of  the  quadrate  to  the  pterygoid  in  the  Ormtko- 
samria  is  the  same  as  in  the  Rhyuckocephalia. 

The  smaller  quadrate  would  agree  approximately  in  relative  size 
with  the  so-called  Pterodactylus  Jlfanscit,  Owen,  and  the  larger  more 
nearly  with  the  so-called  PL  snprajurenns,  Sauvage,  both  of  which 
may  be  provisionally  referred  to  Rhampkorhynckns. 

2.  Tibia  of  Cctluroid  DinoBanr. — ^The  author  would  projdsionally 
refer  the  right  tibia  of  a  small  Dinosaur  from  the  Wealden  of  the 
Isle  of  Wight,  which  had  been  incorrectly  referred  to  Hypsilopkodony 
to  the  species  originally  described,  from  an  examination  of  two 
vertebrae,  as  Calnmo$prmdylns  Foxi.  but  which  he  would  now  name 
CalawuMaurus  Foxi.    It  presents  striking  avian  affinities. 


PROF.   BOXXEY  AXD  GEyERAL  McMAHOX  OX  THE  GEOLOGY  OF 

THE  LIZARD  DISTRICT. 

Sib. — In  your  last  issue.  Prof.  Bonney  in  his  characteristic  style 
refers  to  my  late  work  in  this  district.  He.  however,  at  once,  falls 
into  error  as  to  the  number  of  my  e«>nmiunications  to  the  Magazine. 
there  being  five,  not  four  as  stated  by  him.     The  one  he  overlooks 
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being  that  «'  On  the  Schists  of  the  Lizard  District,"  April,  1890, 
perhaps  the  one  he  likes  least. 

As  to  the  pointa  io  his  letter  under  his  figures  1,  2,  3  and  4,  I 
have  no  doubt  but  that  Prof.  Bonney  will  in  good  time  demonstrate 
these  assertions;  but  in  the  meanwhile  they  are  only  assertions. 
I  will  freely  and  gladly  admit  the  errors,  hoth  in  my  observations 
and  inductions,  when  proofs  are  forthcoming.  I  was  much  amused 
by  Greneral  McMahon's  letter.  I  am  well  aware  (perhaps  before 
the  General  was)  of  the  apparent  sequence  of  the  various  rocks  laid 
down  by  the  masterly  mind  of  De  la  Beche,  and  also  (perhaps) 
I  have  seen  more  of  the  true  dykes  in  the  Lizard  District  than  has 
&llen  under  the  observations  of  General  McMahon.  There  are 
dykes,  however,  that  I  regard  as  of  contemporaneous  or  segrega- 
tion origin. 

Independent  of  the  sequence  of  the  rocks  referred  to,  I  think  them 
the  product  of  eruptions  of  one  geological  period,  that  intermittent 
action  is  noticeable,  and  that  there  is  a  decided  passage  of  the  main 
masses  into  each  other,  and  that  the  same  magma,  cooling  under 
different  conditions,  has  given  rise  to  many  varieties  of  rock.  My 
oommnnications  were  intended  to  lead  up  to  this  point 

As  to  my  theory  of  the  origin  of  the  **  banded  structure,"  let 
it  with  the  others  *'  sink  or  swim."   I  care  not  which  survives. 

As  to  the  close  of  General  McMahon's  letter,  I  much  regret  having 
to  say,  that  I  think  it  is  quite  uncalled  for. 

ToRQCAT,  9th  DeeembeTy  1890.  Alkxr.   SomebVAIL. 


REPORT  OF  THE  INTERNATIONAL  GEOLOGICAL  CONGRESS. 

Sib, — I  am  periodically  asked  hy  friends  who  joined  the  last 
Geological  Congress  how  it  is  that  the  promihed  report  to  which 
each  member  was  said  to  he  entitled  has  not  yet  appeared,  although 
lome  of  us  paid  an  additional  subscription  to  expedite  its  production. 

Ought  not  the  eminent  geologists  whose  names  appeared  on  the 
ciroalar  inviting  support  to  that  Meeting  to  be  asked  to  furnish  some 
explanation  for  this  unaccountable  delay  ?  (B.  V)*. 

ON  DYNAMO-METAMORPHISM. 
Sib, — I  certainly  had  no  thought  of  "rolling  back  the  develop- 
ment of  chemical  theory  a  few  decades  at  least,"  when  I  wrote  of 
energy  taking  **  the  molecular  forms  of  heat  and  chemical  action." 
Dr.  Irving  in  his  criticism  of  this  expression  leaves  out  my  reference 
to  heat.  I  conclude  therefore  that  he  has  no  objection  to  that  part 
of  the  statement.  As  to  the  assertion  that  part  of  the  energy,  which 
previously  existed  in  the  molar  form,  was  converted  into  the  **  mole- 
cular form  of  chemical  action,"  I  was  unable  to  know  whether  Dr. 
Irving's  stricture  expressed  the  generally  received  views  upon  the 
BubJKjt,  owing  to  my  imperfect  acquaintance  with  chemistry.  I 
have,  therefore,  consulted  the  highest  authority  on  such  questions 
to  whom  I  could  apply  and  on  whose  opinion  1  can  place  reliance. 
With  respect  to  Dr.  Irving*s  apparently  general  statement,  that 
"chemical  combination  must  generate  heat,"  he  replies,  that,  "when 


■^■■I" 
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carbon  is  heated  in  carbonio  acid  gas,  C  O  is  formed  with  a  disap- 
pearance of  heat ;  and,  when  nitrogen  and  oxygen  are  sufficiently 
heated  together,  an  oxide  of  nitrogen  is  formed  with  a  disappearance 
of  heat ;  and,  that  in  these  cases  the  heat  which  has  disappeared  has 
become  chemical  energy  in  the  molecales  of  C  O  or  N  O.  Whether 
it  be  atomic  energy  or  not  is  not  at  present  known,  but  as  the  mole- 
cule includes  the  atoms,  it  is  certainly  '*  molecular"  as  distinguished 
from  ordinary  mechanical,  or  molar  energy.  Since  many  chemical 
changes,  which  only  take  place  at  very  high  temperatures,  appear 
to  be  attended  with  a  disappearance  of  heat,  it  is  at  least  not  im- 
probable that  some  of  the  changes,  by  which  minerals  are  formed 
in  the  interior  of  the  earth,  may  also  be  attended  with  a  storage  of 
enerjsy." 

"Perhaps  Dr.  Irving  takes  exception  to  the  supposition  that 
mechanical  energy  may  be  directly  transformed  into  chemical 
energy.  If  so,  you  may  reply  that  the  known  effects  of  pressure 
upon  chemical  changes,  when  those  changes  are  attended  by  a 
change  of  volume,  afford  support  to  the  supposition.  Recent  obser- 
vations on  the  influence  of  surface  tension  on  chemical  change  by 
Liebreicb,  J.  J.  Thomson,  and  others,  lead  in  the  same  direction, 
so  that  it  cannot  be  said  that  the  supposition  is  unreasonable,  even  in 
the  light  of  recent  advances  in  physical  chemistry.*' 

Finally  I  am  told  that  the  assertion  that  *'  chemical  combination 
must  generate  heat  '*  is  certainly  incorrect,  and  that  the  examples  CO 
and  NO  to  the  contrary  are  "  only  two  out  of  an  immense  number." 

Hailltun,  Cambrioob,  13  Dec  O.  FiSHBB. 


DYNAMOMETAMORPHISM. 

Sib, — I  must  apologize  to  Dr.  Irving  for  having  overlooked  the 
observations  to  which  he  refers.  Unfortunately  I  had  not  read  the 
work  in  question  at  the  time  when  I  wrote  my  letter. 

As  regards  the  main  subject  of  his  letter  in  your  December  num- 
ber, I  would  offer  only  a  few  words.  In  assuming  that  the  whole 
of  the  work  done  in  the  compression,  deformation,  and  friction  of 
rock-masses  passes  into  heat.  Dr.  Irving  misses  the  idea  which 
underlay  the  whole  of  my  remarks,  and  was  more  explicitly  stated 
in  Mr.  Fisher*s  article.  The  dirtd  correlation  of  mechanical  and 
chemical  energy  was,  I  believe,  first  mooted  by  Dr.  Sorby  in  1863 ; 
but  the  practical  verification  of  it  rests  on  such  experiments  as  those 
of  Cailletet,  Pfaff,  and  Spring.  To  take  an  example :  Spring  8ul>- 
jects  a  mixture  of  sulphur  and  copper  filings  to  a  pressure  of  5000 
atmospheres,  and  finds  it  converted  into  crystallised  copper  sulphide. 
The  operation  is  oondncted  slowly,  and  the  temperature  of  the 
apparatus  kept  constant.  In  other  words,  so  much  of  the  mechanic- 
ally-developed energy  as  takes  the  form  of  heat  is  carefully  removed ; 
but  chemical  combination  still  takes  place.  It  follows  that  the 
energy  absorbed  in  this  combination  comes  directly  from  the  me- 
chanical work  done,  without  the  intervention  of  heat 
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I. — On  somb  mobs  Fossil  EsTHBRiis. 

By  Professor  T.  Rupert  Joxes,  F.R.S.,  F.G.S.,  etc. 

(PLATE  II.) 

Introduction, 

E*theria  membranacea  of  the  Old  Red,  Orkney. 
£$theria  Andrtivsii  of  the  Purheck,  Wilts. 
£Btheria  Sitidei  of  the  Trias,  PenDBylvania. 
Estheria  miuuta  {Germari  ?)  of  the  Trias,  Saxony. 

var.  Urodieana  of  the  Trias,  Cheshire. 

£8th€riella, 

f',^'"'!!'  ""J^" ,./»  1  of  the  Trias,  Saiony. 
Bibliographic  history  of  the  Eaiheriella. 

IN  the  September  Number  of  the  Geological  Magazine,  1890,^ 
I  offered  some  notes  on  certain  Triassic  EsthericB  of  North 
America  and  Bavaria,  and  on  an  Estheria.  from  the  Purbeck  strata 
of  Wiltshire.  An  interesting  example  of  E.  membranacea  from  the 
Old  Red  of  Orkney  was  figured,  but  not  described.  We  have 
now  the  Rev.  W.  R.  Andrews's  other  Purbeck  Estheria,  referred  to 
at  p.  389,  ready  for  description;  another  Triassic  Eatherta  from 
Pennsylvania  ;  and  some  most  interesting  specimens  of  the  rare 
Estheiiella,  instituted  as  a  subgenus  by  the  late  Professor  Dr.  Ch. 
EniBt  Weiss. 

Seeing  the  account  of  Estheria  Lewisii  in  the  Geol.  Mag.,  loc.  ciL, 
Dr.  G.  J.  Hinde,  F.G.S.,  remembered  some  specimens  he  had 
collected  in  Pennsylvania,  and  these  I  find  to  be  from  the  same 
place  (Phoenixville)  as  supplied  Mr.  C.  M.  Wheatley  with  a  series 
for  my  Monograph  in  1862  ;  but  Dr.  fliade's  examples  show 
Btrueture  not  seen  in  any  of  the  others. 

Having  met  with  a  peculiar  structure  in  some  Carboniferous 
EtlhericB  from  Scotland,  which  seemed  to  correspond  with  the 
descriptions  of  that  in  Esiheriella,  I  asked  the  late  Prof.  E.  Weiss 
for  information  on  the  subject;  and,  though  confined  to  bed  by 
illaess,  he  most  courteously  gave  his  attention  to  my  request,  and 
not  only  sent  me  (in  February,  1890)  some  specimens  of  the  rare 
fossil,  but  obtained  permission,  from  the  Director  of  the  Geological 
Institute  and  Mining  Academy  at  Berlin,  for  me  to  have  on  loan 
some  of  the  best  specimens  from  the  Geological -Survey  Museum,  to 
figure  and  describe.     I  deeply  regret  that  we  have  to  bring  out  the 

1  Decade  III.  Vol.  VII.  pp.  386-390,  PI.  XII. 
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1.    ESTHKRIA    MEMBRANACEA    (Pacllt).      ( 

VI  XII.  Fig. 

Jones,  Monograph  of  the  Fossil  Estheris,  Pal.  S( 

Length  6  (hinge-line  5),  h 

This  little  fossil  has  heen  noticed  I 
Memoir  '*  On  the  Fauna  of  the  Devonia 
and  Central  Bussia,"   8vo.   St  Petersb\ 
Huss).    In  the  synonymy  he  gives  Posid 
instead  of  "  Posidonomya  ntgosa,  Kator} 
the  "  Monograph  Fobs.  Estherise."     W< 
Paoht  in  the  "Archiv  Natur.  Liv.-,  Eht 
2nd  part,  1859  ("  1861 "  in  Wenjukoff's  1 
of  the  Devonian   Limestone  in  Livland 
figures  E.  membranacea,  at  pp.  290-291,  a 
plate  (not  numbered),  as  **  Pondonia  memh 
Kut,  auf  der  Karte  des  St.-Petersb.  Gouv. 

It  was  remarked  at  p.  21  of  the  '*  Moi 
the  Hussian  (or  rather  Livonian)  specim 
concentric  riblets  are  better  preserved  1 
Caithness."  Some  individuals,  however, 
Mr.  Jex,  and  now  in  the  British  Museur 
so  clearly  that  Fig.  9  of  PI.  XII.  in  the  G 
1890,  was  specially  given,  though  not  d 
alluded  to  at  p.  890.  This  figure  not  o 
more  oblong,  shape  of  the  valve,  referred  ( 
pp.  14  and  15,  but  a  very  delicately  reticul; 
such  as  was  supposed  (at  pp.  15  and  19)  to 
impress  of  sand  grains  in  tli»  »*»«*—*- 
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by  their  fihape  and  ornament;  but  those  now  under  notice  are  larger; 
one  individual  is  approximately  subquadrate  in  shape  (Fig.  1),  but 
the  other  is  more  elongate  (Fig.  2) ;  both  have  the  umbo  further 
from  the  anterior  extremity,  and  otherwise  differ  from  E,  aubqua- 
irata  and  E.  elliptiea  in  being  less  fully  curved  at  the  an tero- ventral 
region  and  in  being  higher  behind  than  in  front  Further,  they 
have  a  delicate  reticulation  for  the  interstitial  ornament  (Fig.  3). 
This  finely  punctate  sculpture,  however,  belonging  to  the  super- 
ficial layer  of  the  test,  gives  an  impression  on  the  matrix,  at  some 
places,  of  a  delicate  linear  granulation,  making  very  small,  vertical, 
interrupted  striae ;  whilst  the  inside  of  this  outer  layer  shows  a 
coarser  pitting  (Fig.  4). 

Specimens  numerous,  squeezed  flat,  but  fairly  well  preserved,  on 
the  thin  laminae  of  a  bluish  grey,  soft  shale,  with  brownish  partings, 
and  with  white  patches  of  the  decomposed  Cypridea. 

3.  ESTHEBIA  HiNDEI,  sp.  uov.     PL  II.  Figs.  5-8. 

Length  7  (hinge-line  5),  height  4*6  mm. 

An  elegant  suboblong  Estheria,  boldly  rounded  in  front,  narrower 
hehind ;  rather  more  than  half  egg-shaped  in  a  longitudinal  aspect. 
Umbo  at  the  antero-dorsal  corner.  Concentric  riblets  (15  visible) 
strong  and  far  apart,  and  at  some  spots  seen  to  be  neatly  beaded, 
but  rarely  so  regularly  and  distinct  as  in  Fig.  6.  The  interspaces 
are  bare  of  ornament;  but  the  inner  layer  of  the  test  in  some 
instances  shows  irregular  vertical  rows  of  small  lumpy  elevations 
(Fig.  7),  which  are  probably  exaggerations  (in  the  older  part  of  the 
valve)  of  small  vertical  irregular  bars  (Fig.  8),  in  the  interspaces 
elsewhere.  This  last-mentioned  columnar  ornament  is  analogous 
to  that  shown  in  fig.  37,  pi.  ii.  of  the  Monogr.  Foss.  Estherias,  and 
referred  to  at  page  387,  Gsol.  Mag.  September,  1890. 

The  specimens  under  notice  are  numerous  in  a  hard,  black, 
thinly-laminated  Triassic  shale,  from  Phcenixville,  Pennsylvania 
(Dr.  G.  J.  Hinde's  Collection),  like  some  of  that  described  at  p.  99, 
"Monogr.  Foss.  Estheriae,"  as  having  been  supplied  by  Mr.  C.  M. 
Wheatley  from  the  same  locality.  Some  are  better  preserved 
as  to  shape ;  but  others  more  distinctly  show  the  structure  of 
the  valve.  The  selected  specimen.  Fig.  5,  is  like  one  of  the 
"narrower"  examples  mentioned  at  p.  98  op.  ciL  ;  and,  as  with 
many  others,  there  is  no  interstitial  ornament.  In  some  shiny, 
black,  filmy  valves  we  have  the  features  shown  in  Figs.  6,  7,  8.  The 
last  two  belong  to  the  inner  layer  of  testa  of  apparently  different 
ages,  but  covered  with  the  outer  layer,  in  which  the  ornament 
became  obsolete.  Hence  neither  figs.  29  and  30,  nor  fig.  31  of 
pi.  ii.  "  Monogr.  Foss.  Esth."  must  be  taken  by  themselves  for 
specific  characters,  though  suggested  at  p.  386  of  the  Geol.  Mao. 
8ept.  1890. 

These  specimens  from  Pennsylvania  certainly  differ  from  Estherta 
(tnata  of  the  *'  Monogr.  Foss.  Esth."  p.  84,  pi.  ii.  figs.  26-28,  being 
proportionally  longer,  and  having  a  less  fully  semicircular  ventral 
outline.     They  are  larger  and  proportionally  higher  (broader]  than. 


.-       w&^  V 


^Tiocograph  of  the  Fos 
p.  42;    F.  von  Albt^rti's  '•  IVberbliek  iib 
and  192  :  Jones,  Geological  Magazine, 
Figfs.  4-8. 

Length  3*0  (hinge-line  2-0),  h 

This   is  a  specimen   occurring  in   tl 
Diirrenberg,  in  Saxony,  with  Estheriella 
ranch  like  it,  as  seen  in  Fig.  9,  but  is  smal 
It  has  the  same  number  of  concentric  lint 
the  young  of  the  larger  form ;  and  the  oc< 
persistent  among  the  many  EgtheriellcB  in 
supposition  that  they  constituted  merely  a 
not  always  present  in  the  same  series  o 
compared  with  fig.  8  of  pi.  v.  and  fig.  ^ 
of  pi.  i.  of  the  *'  Monogr.  Foss.  Esth."  as  a 
form  of  the  species. 

Fig.  12  may  possibly  be  Eatheria  Gem 
Zeitsch.  D.  g.  Ges.  vol.  ix.  1867.  p.  377). 
Steinberg,  north  of  the  Hartz,  and  at  Hal 
in  Saxony.  Andrae,  in  the  Explanation  o 
Halle,  1860,  p.  67,  referred  to  it  as  P.  mti 
by  having  a  long  and  straight  hinge-bo 
Prof.  Weiss  it  has  no  radial  markings. 

Besides  the  authors  treating  of  the  occui 
in  the  German  Tnas  that  are  enumerated 
Esth."  pp.  44  et  seq.,  we  should  mention  C 
D.  g.  Ges.  voL  ix.  1857,  p.  99  (Coburg). 

4*.  EsTHEBiA  MINUTA  (Alberti),  var. 
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they  are  mncb  crushed,  and  Fig.  14  shows  one  of  the  best.  It  is 
Teiy  much  like  the  German  specimen  figured  in  the  Geol.  Mag.  for 
September,  1890,  PL  XII.  Fig.  6,  and  nearly  matches  fig.  9  of  pi.  ii. 
«  Monogr.  Foss.  Esth." 

E,  minuta,  var.  Brodieana,  has  been  reported  by  Ferd.  Roemer  as 
haviug  been  found  in  the  Eeuper  of  Upper  Silesia.  This,  and  some 
other  notes  on  the  occurrences  of  E,  minuta  published  since  1862, 
are  given  in  the  GiOL.  Mao.  Dec.  II.  VoL  V.  1878,  p.  102. 

E,  minuta,  var.  Karpinskiana,  Jones,  related  to  var.  Brodieana, 
was  obtained  by  Dr.  Karpinsky  from  the  Triassio  or  Hhsetic  strata 
of  Troizk,  on  the  eastern  side  of  the  Ural.  See  Ann.  Mag.  Nat.  Hist., 
October,  1883,  p.  244,  pi.  vi.  fig.  1. 

EsTHKRiBLLA,  Wciss  (as  a  subgenus,  1875). 

Similar  to  Esiheria,  excepting  that  the  valves  bear  radial  riblets 
or  slight  ledges  crossing  the  concentric  strisB  from  near  the  umbo 
to  the  ventral  border. 

6.  EsTHKBiKLLA  G08TATA,  Wciss,  1876.    PI.  II.  Figs.  9,  10,  a,  6. 

hMotiomya   Wenpentia,  Giebel   (non  Wissmann).     Zeitsch.  gesammt.  Naturwin. 

Halle,  1857,  p.  308,  pi.  ii.  fi?.  6. 
Eitheria  ?  Wmgetfis^  Alberti.     Ueberblick  Trias,  etc.,  1864.  p.  192.  note. 
Mheria  {Estheriella)  coatatay  Weiss.     Zeitsch.   D.  g.  Geselbch.  vol.  xxri.  1876, 

p.  711,  note. 
Ettkeriella  eoetatn,  Zittel.   Handbuch  der  Palseontologie,  vol.  i.  Lief.  8, 1885,  p.  568. 

Fig.  9. — Length  3*7  (hinge-line  2*7),  height  2*4  mm. 

Valves  like  those  of  Estheria  minuta,  such  as  those  shown  by  pl.  i. 
%.  29,  and  pl.  v.  figs.  8  and  9,  **  Monogr.  Foss.  Esth.,"  that  have 
markedly  straight  backs,  a  more  or  less  definite  postero-dorsal  angle, 
and  strong  concentric  lines  of  growth  (about  13  visible).  Modifica- 
tions produced  by  pressure,  as  well  as  by  variable  conditions  of 
growth,  make  it  difficult  to  find  perfectly  comparable  specimens 
among  fossil  Esthen'ce.  The  characteristic  feature  is  the  presence 
of  numerous  (about  20  or  more)  oblique  striae  radiating  from  the 
middle  region  to  the  ventral  and  posterior  borders.  Posteriorly  they 
produce  a  series  of  undulating  wrinkles,  crenulating  the  edge ;  but 
more  forward  they  seem  to  have  been  little  furrows  formed  by  the 
sotcbes  in  the  edge  of  each  successive  overlapping  lamina  of  the 
test,  and  giving  a  minute  tile-like  appearance  to  that  part  of  the 
surface.  A  pattern  somewhat  like  this,  but  on  a  still  smaller  scale, 
is  visible  in  Estheria  tegulata  from  the  Scotch  Coal-measures,  to  be 
puhlished  in  the  Trans.  Geol.  Soc.  Glasgow,  vol.  ix.  pl.  v.  ^g.  66. 

In  the  Estheriella  under  notice  the  edge  of  each  lamina  is  more  or 
less  thickened  at  and  between  the  notches,  and  was  there  sufficiently 
produced  as  little  hollow  tubercles  to  leave  the  minute  pits  seen 
in  the  inside  of  the  test  (figs.  10  a,  6).  Here,  also,  there  are  traces 
of  this  structure  reaching  further  up  towards  the  umbo  than  on  the 
outside  (Fig.  9). 

The  specimens  of  both  this  and  the  next  species  are  very  delicate 
and  scarcely  ever  perfect  films   of  valves   in   bluish  grey  ^boA^. 


54  Prof.  T.  Superi  Jmrn—FmU  Edheria. 

Some  of  the  radials  at  their  inteneodons  of  the  lines  of  growth 
retain  thin  brownish  relics  of  the  test ;  but  otherwise  the  vaWes  are 
represented  by  partial  moulds  and  oasts,  much  flattened. 

Both  oome  from  the  Lower  Bontersandstein  of  Diirrenberg, 
Baxony. 

The  specimens  figared  were  oourteonsly  lent  by  the  Director  of 
the  Geological  Sarvey  ^  at  Berlin,  at  the  instance  of  the  late  lamented 
Prof.  Dr.  Ch.  E.  Weiss,  who  also  gaTe  me  some  other  specimens, 
collected  by  himself  at  Diirrenberg  on  the  road  to  the  Amtsberg, 
May,  1876. 

6.  EsTHEBiKLUL  NODOcosTATA  (Giebol),  1857.    PL  II.  Figs.  11,  13. 

ISnidonomjfa    n^docMtmtt,   Giebdl.     ZeitMh.   gesammt.   Wissensch.   Halle,    1857, 

p.  309,  pi.  ii.  fig.  7. 
Athena  f  modoeottata^  AlbertL    Ueberblick  Trias,  etc.  1864.  p.  193,  note. 
Ettkeria  {EstheHeUa)  Imeata,  Weiss.     Zeitsch.  D.  g.  Oesellscli.  toI.  xxtL  1875, 

p.  711,  noit. 

Fig.  11.— Length  4-2  (biDge-line  2*7),  height  2*5  mm. 
Fig.  13.        „        3-5  (         „        2-3),       „      24  mm. 

Valves  like  those  of  the  foregoing  species,  ovate-oblong  in  shape, 
with  long,  straight  dorsal  border ;  nmbo  quite  forward ;  postero- 
dorsal  angle  usually  pronounced ;  ends  well  rounded  ;  the  posterior 
•curve  larger  than  the  anterior ;  ventral  border  gently  curved. 
Concentric  lines  numerous  and  rather  feeble.  Badial  riblets  few 
(about  9),  but  much  stronger  than  in  E.  coslata,  being  definitely 
raised  ridge-like  wrinkles  wide  apart  (Figs.  11  and  13).  On  the 
inside  of  the  valve  (Figs.  18  a,  6)  there  is  a  little  pit  wherever  the 
radial  crosses  a  concentric  stria,  as  if  the  edges  of  the  successive 
laminae  of  the  test  had  been  slightly  raised  just  there,  so  as  to  leave 
a  little  hollow  below.  The  specific  name  applied  by  Giebel  to  this 
form  evidently  has  reference  to  this  feature,  as  seen  in  Fig.  13  a. 
Locality  and  collection  the  same  as  mentioned  with  the  foregoing 
species. 

To  make  the  history  of  the  two  foregoing  species  complete,  the 
following  extracts  are  taken  from  the  published  memoirs  concern- 
ing them. 

1857.  Ch.  G.  Giebel,  Palseont  XTntersucbungen ;  Zeitschrift  fiir 
die  gesammten  Naturwissenscbaften,  Halle,  1857,  October  u. 
November,  Nos.  x.  xi.  pp.  301-318. 

PosidonomyoB  [^EsthericB]  in  the  Bunter  Sandstone  near  Diirrenberg, 
p.  308,  pi.  ii.  figs.  6  and  7. 

P.  Wengenais,  p.  308,  pi.  ii.  fig.  6.  Gr.  Milnster,  Beit  Petrefkd. 
iv.  p.  23,  pi.  16,  fig.  12.  Not  far  from  P.  mtntUa,  but  with  fine 
radial  lines  from  umbo  to  border.  Wissmann  has  not  noted  this  [?] ; 
but  it  is  conspicuous  as  a  characteristic  [none  given  in  fig.  6 ;  nor 
is  the  size  mentioned].    [Some  true  Posidonomyce  are  then  compared.] 

P.  nodocoatata,  n.  sp.,  p.  309  (fig.  7),  as  the  other  species  may  be 

^  Konigl.  geol.  Landeeanstalt  and  Bergakademie,  Inyaliden  Str.  44,  Berlin. 


Trof,  T,  Rupert  Jones — Fossil  Estherice.  55 

called,  which  occars  with  P.  minula  in  two  specimens  from  the 
depth  of  612  feet  in  the  bore-hole  No.  3,  near  Diirrenberg,  is  long- 
oval  in  shape ;  1  J'"  long,  and  not  quite  1'"  high  ;  convex ;  rather 
smaller  iu  front  than  behind ;  ventral  border  convex ;  the  umbo 
distinct  and  rounded.  There  are  seven  radials  (three  of  them  in 
front,  two  in  the  middle,  and  one  behind)  reaching  the  border.  An 
eighth  appears  to  follow  the  hinge-line  backwards.  About  sixteen 
regular,  parallel,  concentric  lines  cross  the  radials,  and  lose  them- 
sehes  in  a  series  of  roundish  knots.  The  shell  is  very  thin,  of 
a  dark  horn-colour,  quite  like  that  of  the  associated  P.  minuta. 

The  relative  size  shown  by  Fig.  6  (about  2  mm.,  instead  of  18  mm., 
I  inch),  and  the  recognition  of  its  alliance  to  and  occurrence  with 
E.  minuta,  make  it  probable  that  the  P.  Wengenais  of  Giebel  is  an 
Eitheria,  and  different  from  the  P.  Wengensis  of  Wissmann,  as 
intimated  by  von  Alberti. 

1864.  Dr.  F.  von  Alberti.  Ueberblick  iiber  die  Trias,  eta,  1864. 
(See  also  Gbol.  Mag.  1878,  p.  102.) 

p.  192,  note. — Posidonomya  WengenaiSf  Giebel  (not  P,  Wengensis, 
Wissmann,  which  is  much  larger),  may  be  an  ^theria  near 
E.  minnta,  distinguished  by  weak  radial  lines. 

p.  193,  note. — P.  nodocosiata,  Giebel ;  from  192  m.  depth  in  bore- 
hole No.  3,  near  Diirrenberg;  long-oval  0003  m.  long,  and 
0002  m.  high.     Probably  a  crustacean. 

P.  minuta  is  a  crustacean  ;  so  is  probably  Posidonia  Albertit,  Voltz, 
probably  the  same  as  Posidonomya  Oermari,  Beyrich  [Zeitsch.  D. 
g.  Ges.  vol.  ix.  1857,  p.  877]. 

1875.  E.  Weiss.  Zeitsch.  D.  g.  Gesellsch.  vol.  xxvii.  1875,  pp.  711, 
712. 

From  the  Lower  Buntersandstein  of  Diirrenberg  on  the  Saale,  in 
Saxony,  some  small  shells  are  described  as  being  in  size  and  condi- 
tion like  JSstheria  German  of  Beyrich,  and  occurring  with  it,  but 
differing  from  it  by  having  a  certain  number  of  riblets  radiating 
from  the  umbo,  and  thus  constituting  a  new  type.  It  is  remarked 
that  Giebel  had  already  described  two  species  from  Diirrenberg, 
with  the  names  of  Posidonomya  Wengensis  and  P.  nodocost'ita, 
which  may  perhaps  be  identical  with  the  above  mentioned.  Tlie 
two  latter  came  from  a  boring ;  but  the  foregoing  were  found  in  the 
shales  outcropping  between  the  sandstone  on  the  Saale,  in  the  road 
ahove  the  Salt-works  of  Herr  Director  Metzner,  and  the  bore-hole. 
When  not  well  preserved,  the  valves  lose  their  riblets  near  the  umbo 
and  on  the  front  and  hind  borders  ;  but  these  remain  strongest  and 
most  distinct  in  the  ventral  region.  In  good  specimens  these  two 
kinds  of  ribbing  are  readily  recognized  ;  one  kind  connisting  of  about 
12  riblets,  of  which  the  middle  6-10,  very  sharply  defined  and  wide 
apart,  occur  on  the  convex  face,  and  are  hollow  on  the  inside  of  the 
valve,  as  furrows,  proportionally  distant  with  smooth  spaces  between, 
broken  only  by  concentric  wrinklings.  This  form  may  answer  to 
P.  nodocostaia,  Giebel,  which,  however,  seems  to  have  only  7  riblets. 
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The  other  species  shows  very  numeroas  riblets,  thickly  set,  more 
particularly  towards  the  front  and  Tentral  borders ;  these  are  less 
sharp,  and  almost  eqnal  in  breadth  with  the  spaces  between  them. 
In  particalarly  well-preserved  specimens  about  80  were  counted,  in 
others  20;  but  the  number  is  difficult  to  determine;  and  we  must 
recognize  the  difference  of  the  two  forms  in  the  above-mentioned 
characters.  This  second  species  is  evidently  the  Wengenais  of  Giebel. 
Note  at  p.  711. — Dr.  E.  "Weiss  named  the  first  of  the  two  foregoing 
species  Esiheriella  lineatay  and  the  latter  JS,  rostata ;  but  he  had  a 
doubt  about  the  naming,  and  thought  that  these  names  should  be 
withdrawn  until  perfect  proof  of  the  difference  between  his  and 
Giebel's  species  should  be  arrived  at 

Dr.  E.  Weiss,  though  inclined  to  look  on  these  two  forms  as 
belonging  to  a  new  genus,  thought  that  it  might  suffice,  with  their 
great  resemblance  in  general  habit  to  JEaiheria,  to  place  the  radially- 
ribbed  shells  of  Diirrenberg  as  a  subgenus  only,  with  the  name 
Eatheriella, 

For  the  form  with  about  12  ledge-like  riblets  {E.  /tWato,  Weiss, 

the  nodoeostata  of  Giebel),  he  gives — 

mm.  Proportion. 

The  height  to  the  breadth  (length)  =  2-8  :  4*3     »     1:15 

3-2  :  4-3     =     1  :  1-3 
2-7  :  8-6     =     1  :  13 
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For  the  form  with  over  20  riblets  and  furrows  (E,  co8tatai  Weiss, 

the  WengenstB  of  Giebel), — 

mm.  Proportion. 

The  height  to  the  breadth  (length) 
>t  tt 

♦»  ♦> 
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Near  Diirrenberg  there  are  other  horizons  of  Estheria,  In  the 
boring  they  are  found  at  a  depth  of  about  200  metres ;  near  the 
Koyal  Saltworks  were  found  some  very  small  Esthertm  (without 
riblets '),  also  on  the  left  bank  of  the  Saale,  some  feet  below  the 
first  coarse  white  sandstones  of  the  Middle  Buntersandstein,  at  the 
cliff  between  Graslau  and  Leina,  near  Corbeth. 

NoTK. — E,  vodoeostata  (Giebel)  retains  its  name,  the  form  being 
recognized  as  that  which  Giebel  figured  and  described  in  1857.  His 
WengensiSt  however,  is  not  the  Poaidonomya  so  named  by  Wissmann ; 
nor  is  it  from  Wengen ;  and  the  name  proposed  by  Weiss,  namely, 
eostata  (though  too  near  to  nodocoatata  for  convenience),  should  take 
its  place. 

Li  the  "Memoires  du  Comite  Geologique,"  4to.  St.  Petersburg, 
vol.  vi.  1888,  P.  Kratow  describes  and  figures  two  small  bivalves 
with  radial  striae  as  E^therieUa  irapezoidalis,  pp.  469  and  557,  pi.  ii. 
fig.  27,  and  E.  oblonga,  pp.  470  and  557,  pi.  ii.  fig.  28  (reaching 

^  Fig.  12  of  PL  II.  may  be  one  of  these  small  Eetheria,  possibly  £<  Oermari, 
Beyricb. 
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5  mm.  in  length),  from  the  Permian  beds  of  Tscherdyn  on  the 
Kolwa,  on  the  western  side  of  the  Ural. 

EXPLANATION  OF  PLATE  IL 

Fio.    1.  FMtkeria  Andrewm^  bd.  nov.    Left  valve  of  the  short  form ;  magn.  4  diam. 
f,      2.         „  y,  Kight  valve  of  the  long  form ;  magn.  4  diam. 

H      3.        yy  „  Portion  of  surface ;  mazn.  60  diam. 

„     4.        „  „  Another  part  of  the  surface,  showing  the  inside  of  one 

layer,  the  impression  of  its  outside  on  the  matrix 

(dark) ;  magn.  50. diam. 
„      5.  Ettheria  Hindei^  sp.  nov.     Left  valve ;  magn.  6  diam. 
H     6.        ,,  ,,  Portion  of  the  beaded  concentric  stria ;  magn.  50  diam. 

„      7.        „  y,  Portion  of  an  interspace ;  magn.  50  diiam. 

H     8.        ,,  ,,  Portion  of  two  interspaces ;  magn.  50  diam. 

„      9.  Eatheriella  eottata,  Weiss.     Right  valve;  magn.  10  diam. 
„    10.        „  ,,  a,  Part  of  the  inside  of  a  right  valve ;  magn.  10  diam. 

b.  Portion  of  the  same ;  magn.  50  diam. 
„    11.  Etiherieiia  nodoeostala  (Giehel),    Left  valve;  maen.  10  diam. 
„    12.  £stheria  minuta  (Alberti).     Possibly  E,  Oermari  (Beyrich) ;  magn.  10  diam. 
„    13.  Esther iella  nodoeoatata  (Giebel).     a,  Inside  of  left  valve;  magn.  10 diam. 

by  Portion  of  the  same  ;  magn.  50  diam. 
„    14.  Eatheria  minuta,  var.  BrodUana,  Jones.    Left  valve  ;  magn.  5  diam. 


IL — On  the  British  Earthquakes  of  1889.^ 

By  Charles  Dayisom,  M.A., 
Mathematical  Master  at  King  Edward's  High   School,  Birmingham. 

I  PROPOSE  in  this  paper  to  write  a  short  account  of  the  earth- 
quakes that  have  heen  felt  in  Great  Britain  during  the  year 
1889,  and  to  consider  the  relations  of  these  earthquakes  with  the 
geological  structure  of  the  districts  in  which  they  occurred.  The 
attempt  seems  to  me  worth  making,  for  two  reasons.  The  first  is 
that,  though  few  in  number  and  slight  in  intensity,  the  earthquakes 
which  visit  this  country  are  individually  and  in  their  connexion 
with  preceding  shocks,  of  considerable  interest.  And,  secondly,  the 
accounts,  even  when  published,  are  widely  dispersed,  and,  appearing 
chiefly  in  local  newspapers,  become  difficult  of  access  in  after  years. 
1  believe,  therefore,  that  an  attempt  to  collect  and  discuss  these 
scattered  observations  cannot  be  without  some  value. 

I  will,  in  the  first  place,  describe  the  nature  of  the  evidence  on 
which  these  accounts  are  founded.  For  the  two  more  important 
earthquakes,  the  chief  authorities  are  the  newspapers  published 
within  and  near  the  disturbed  areas.  In  a  few  cases,  the  notices 
they  contain  are  far  from  satisfactory,  and  bear  obvious  signs  of 
exaggeration.'  But,  in  certain  respects,  their  evidence  seems  to  be 
trustworthy ;  and,  as  a  general  rule,  I  believe  we  may  rely  on  them 
for  a  knowledge  of  the  places  where  a  shock  was  or  was  not  felt,  of 
the  places  where  it  was  accompanied  by  the  characteristic  earthquake 
sounds,  and  also  for  a  record  of  the  effects  of  the  shock  sufficient  to 
enable  us  to  determine  its  intensity  according  to  the  Kossi-Forel 
scale. 

*  A  paper  read  before  the  Royal  Society,  June  19,  1890,  and  published  in  abstract 
m  the  Koy.  Soc.  Proc.  toI.  48,  pp.  275-277. 

*  For  example,  the  statement  that,  during  the  Edinburgh  earthquake  of  Jan.  18, 
t  boy  was  thrown  out  of  bed  at  Gogar,  is  evidently  inaccurate. 
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es,  bowpTer.  this  eviileiioe  has  been  Eopplemented  by 
in  tbe  Bever&l  dUtricta  or  by  lettera  addressed  to  llie 
its  aEking  for   further   ol<««rTations.     The   nocoiints 
«ived,  being  geDemllv  re{)liefl  to  a  few  definite  leod- 
ire  often  of  considerable  vnlue  ;  ond  I  sbouh)   like  to 
rtunity  of  again   thanking  ihe  ladies   and  gentlemen 
his  way  rendered  me  such  courteous  and  servioeabia 

ription  of  each  earthquake,  the  heading  containa  iU 
e,    the   name  being  taken   from   that  of  the  district 
cted  by  the  ghock.     The  time  of  occurrence  is  given 
aean  time,   tbe   hours  being  numbered  from  0  to  24. 
IB  determined  by  means  of  the  Itosii-Forel  scale,  a 
which  is  given  below.     This  scale  is  very  generally 

triable  to  &  slight  extent,  is  well  suifed  to  tbe  nature 
at  our  disposal,  the  range  of  variability  of  any  degree 
ng  probably  less  than  tbe  limiU  of  error  of  ordinary 

Rosii-Forel  Scale  oflnlennty} 

ly    Eciamogniplis    of  diffL-rpat   tiuds  ;  felt  bj-  a   small    nnmWof 
pvproi    pLTSons   nl  re^t ;    aUontr   enou^-h  fur  tbe  duration  or  the 
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on  obRervaMons  of  the  direction,  intensity,  and  time  of  ocourrenoe  of 
the  shock  in  different  parts  of  the  disturbed  area ;  but  the  second 
method  alone  is  applicable  to  the  earthquakes  here  discussed.  It 
will  be  seen,  on  reference  to  the  maps  which  accompany  this  paper, 
that  the  isoseismal  lines  are  approximately  circles  or  ellipses  of 
small  eccentricity ;  and  I  have  assumed  that  the  epicentra  coincide 
nearly  with   the  centres  of  these  areas.      The  correctness  of  the 
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position  80  assigned  to  an  epicentrum  depends  not  only  on  the 
accuracy  with  which  the  isoseismal  lines  are  traced,  but  also  on  a 
further  assumption  that  their  form  is  not  greatly  altered  by  variations 
in  the  nature  of  the  rocks  within  the  disturbed  area.  Also,  if  the 
seismic  focus,  as  in  the  case  of  a  fault,  be  inclined  to  the  horizon, 
the  intensity  must,  cateris  paribus^  be  greater  on  the  side  towards 
which  the  fault  slopes ;  so  that  the  epicentrum  is  probably  nearer  the 
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the  focus  wilh  the  earth's  Borfnce  than  wonid  be 
e  above  Qiethod.     Neverlheless,  for  the  mnjority  of 
the   Bssuiiiptiun  seeme    to   me  ftdmiciHible,    for  the 
in  all  Ihe  cases  here  conaiJered  are  of  sniAll  dimeo- 
B  is  no  evideuce  tending  to  prove  any  marked  irregn- 
orm.     1  believe  ibat  the  tnie  poaitionx  of  the  epicenCra 
^  more  than  a  mile  (if  by  so  much)  from  the  poaitiona 

I  have  attempted  to  aasign  the  origin  of  the  earll- 
mpulsive  friction   along  well-known  and   prominent 
h  caRe,    the   evidence,   being  ciimnlative  and  far  from 

o!e.  however,  the  reasiins  for  oonnecting  the  majority 
B  earthqiiakcB  wilh  such  a  cause  are  bo  weighty,  and 

icea  referred  to  are  invested  with  a  higher  degree  of 

a  that  with  which  they  would  otherwise  and  separately 

ng-out  vibrations  of  very  distant  shocks  are  frequently     ; 
his  country,  and  are  registered  by  magnetic  and  other 
uments.      More  rarely  are  felt  ihe  perceptible  vibrationl 
tbat  are  leas  distant,  bnt  still  extra-Driliah.  in  Ibeir 
e  earthquake  of  May   30,   1889,  which  disturbed  the 
[s^h^ouil^^uirlaud^ti^h^ortj^^jni^^ 
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First  Shock. 

Time  of  ooonrrence,  about  4h.  10m. ;  Intensity,  aboat  Y. 
Very  few  obeervations  were  made  on  this  shock,  and  I  have  only 
met  with  one  detailed  account,  which  I  owe  to  the  kindness  of  a 
correspondent  in  Edinburgh.  It  is  impossible,  therefore,  to  deter- 
mine the  boandary  and  extent  of  its  disturbed  area  or  the  position  of 
its  epioentrum. 

The  only  records  I  possess  of  this  shock  are  from  Edinburgh, 
Broomieknowe,  Penicuik,  and  Bellsquarry ;  and  these  are  all  within, 
and  several  miles  from,  the  boundary  of  the  disturbed  area  of  the 
lecond  shock. 

The  recorded  times  of  occurrence  are  :  Edinburgh,  about  2h., 
about  4h.,  and  at  4h.  lOra. ;  Broomieknowe,  about  2h. ;  Penicuik, 
about  3h.  and  about  4h.  50m. ;  and  Bellsquarry,  at  5h.  IMost  of 
these  seem  to  be  mere  guesses.  I  have  selected  4h.  10m.  as  probably 
the  most  correct  time.  It  was  obtained  by  reference  to  a  clock 
almost  immediately  after  the  event,  and  was  given  to  me  by  the 
correspondent  mentioned  above,  who  also  estimated  the  time  of  the 
Kcond  shock  as  about  6h.  50m. 

Tbe  intensity  was  probably  about  Y. ;  but  this  estimate  roust  be 
ieg;arded  as  doubtful,  sis  it  is  made  from  only  one  observation,  and 
tin's  at  a  place  which  may  have  been  some  distance  from  the 
epicentrum.  At  Edinburgh,  my  correspondent  informs  me,  it  was 
strong  enough  to  make  the  bed  rock  :  **  the  bed-room  door  shook,  its 
handle  rattled  briskly  and  noisily  and  forcibly,  and  the  glass  above 
shook  also." 

A  rumbling  sound  was  heard  at  the  time  of  the  shock  at  Edinburgh ; 
and  at  Broomieknowe  a  hollow  noise  was  heard,  but  the  shock  itself 
is  not  recorded  as  having  been  felt  there. 

Second  Shock. 

Time  of  occnrrence,  6h.  53m. ;  Intensity,  VI. ;  Epicentrum,  about 
3  miles  W.  42^  S.  of  Balerno. 

IHnturbed  Area. — The  evidence  for  the  study  of  this  earthquake 
is  much  more  abundant  I  have  altogether  93  independent  observa- 
tions, made  at  53  different  places.  A  large  number,  however,  are 
from  Edinburgh,  and  the  rest,  unfortunately,  are  not  very  evenly 
distributed  over  tbe  disturbed  area.  On  this  account,  the  south-west 
portion  of  its  boundary  can  only  be  drawn  approximately. 

An  excellent  acc«)unt  of  the  earthquake  was  given  in  the 
"Scotsman"  for  the  following  day,  but  in  this  attention  was  naturally 
directed  chiefly  to  the  places  where  the  more  striking  phenomena 
were  observed.  With  hardly  an  exception,  the  local  newspapers 
fail  to  supplement  this  evidence  as  regards  the  limits  of  the  dis- 
turbance ;  and  I  have  therefore  been  obliged  to  rely  principally  on 
the  accounts  given  to  me  by  correspondents,  and  these,  though  of 
great  value,  are  of  course  not  numerous.  With  reference  to  the 
Bouthem  part  of  the  area,  however,  the  case  is  very  different  For 
all  the  evidence  from  this  part  of  the  district,  I  am  indebted  to  tih^ 
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kindness  and  courtesy  of  Dr.  G.  B.  Onnn,  of  Peebles  who,  at  tbe 
oost  of  much  time  and  trouble,  sent  me  a  report  on  the  observations 
of  the  earthquake  made  in  and  near  the  north  of  Peeblesshire.  I 
shall  have  occasion  to  refer  again  to  this  report,  the  value  of  which 
it  would  l>e  difficult  to  over-estimate. 

llie  outline  of  the  disturbed  area  as  drawn  upon  the  accompanying 
map,  is  slightly  elliptical  in  form.  How  far  this  outline  may  be 
considered  as  accurate  will  be  partly  evident  from  an  inspection  of 
the  map,  on  which  all  places  at  which  the  shock  was  certainly  felt  are 
marked  with  small  black  discs,  and  those  where  there  is  good  reason 
for  believing  that  it  was  not  felt  with  small  crosses  (+).^  There  can 
thus  be  little  doubt  about  the  form  of  the  boundary  from  the  neigh- 
bourhood of  Polmont,  by  Dumfermline,  Bumtislaiid,  Musselburgh, 
and  Tynehead  station,  to  Peebles  ;  but,  for  the  rest  of  the  area,  its 
course  is  less  certain.  I  have  made  several  inquiries  in  this  part  of 
the  district,  but  entirely  with  negative  results.  From  the  intensity 
of  the  shock  at  the  nearest  places  at  which  it  was  felt,  I  do  not  think, 
however,  that  tbe  form  of  the  boundary  can  differ  very  greatly  from 
that  laid  down  on  tbe  map,  unless,  owing  to  peculiar  local  conditions, 
tbe  earth-vibrations  were  quenched  more  rapidly  in  the  south-west 
quarter  than  elsewhere. 

Tbe  disturbed  area  as  thus  defined  is  about  SO  miles  from  north 
to  south  and  26^  miles  from  east  to  west,  and  contains  an  area 
(including  tbe  part  occupied  by  tbe  Firth  of  Forth)  of  about  830 
square  miles.  Its  boundary  corresponds  to  an  isoseismal  line  of 
intensity  less  than  V.,  but  decidedly  greater  than  IV.  The  centre 
of  the  curve  is  about  3  miles  W.  42°  S.  of  Balemo. 

It  is  worthy  of  notice  that  in  Edinburgh,  where  the  intensity  was 
y.,  the  shock  was  not  felt  by  any  one  on  the  Castle  Hill,  nor  at 
the  Observatory  on  Calton  Hill.  The  geological  structure  of  tbe 
district  may  also  account  for  the  shock  not  having  been  felt  at 
Inchkeith,  and  not  baving  been  recorded  aS  felt  within  a  large  part 
of  the  area  occupied  by  tbe  Pentland  Hills. 

Time  of  Occurrence, — Omitting  all  confessedly  approximate  deter- 
minations of  tbe  time  of  occurrence,  tbe  following  definite  records 
have  been  made:  Edinburgh,  6b.  50m.,  6h.  52m.,  and  6b. 54m. 
or  6b.  55m. ;  Penicuik,  6b.  52m. ;  Leitb,  6h.  53m.  15s.  zk  10s. ; 
Trinity  (near  Leitb),  6b.  54m.  =b  ^m. ;  Harperrigg  and  Peebles, 
6h.  55m.  Tliese  estimates,  with  one  exception,  are  not  exact 
enough  to  be  used  for  ascertaining  the  velocity  of  the  earth- wave  or 
the  position  of  tbe  focus.  Probably  the  most  correct  of  these  times 
is  that  given  for  Leitb ;  it  was  determined  by  Mr.  G.  Eedpatb.  '<  I 
immediately  turned  round,"  be  says,  **  and  noted  tbe  time,  which  I 
found  was  53  minutes  15  seconds  past  six  by  a  clock  in  my  sitting- 
room.  On  going  to  verify  it  by  an  astronomical  clock  in  another 
room,  I  found  to  my  regret  that  1  would  have  to  allow  a  margin  of 
about  ten  seconds — earlier  or  later."    This  is  sufficient,  however, 

'  To  the  0oath  of  Poobles,  owing  to  the  Bmall  scale  of  the  map,  I  have  been 
obliged  to  omit  the  indication  of  a  number  of  places  where,  as  Dr.  Giinn's  inquiries 
show,  the  shock  was  not  felt. 


C,  Davison — British  Earthquakes.  63 

to  determine  the  epoch  of  the  shock.  I  have  given  it  as  6h.  63m., 
hut,  as  Leith  is  about  12  miles  from  the  epicentrum,  it  may  have 
been  a  few  seconds  earlier. 

Nature  of  the  Shock. — For  descriptions  of  the  nature  of  the  shock, 
I  have  to  rely  chiefly  on  newspaper  accounts,  and  these,  as  a  rule, 
are  far  frotn  being  either  exact  or  detailed. 

In  most  parts  of  the  disturbed  area,  it  would  seem  that  the  shock 
was  noticed  as  a  single  oscillation,  the  observers  in  some  cases  feeling 
as  if  the  bed  or  chair  on  which  they  rested  were  slightly  raised  and 
then  lowered.  A  few  compare  the  sensation  to  that  of  passing  over 
a  wave  in  a  small  boat. 

From  at  least  five  places,  however,  there  come  accounts  of  a 
Becond  oscillation  immediately  following  the  first ;  as  if  there  were 
two  prominent  vibrations,  while  the  commencing  and  concluding 
tremors  were  generally  imperceptible.  These  places  are  Edinburgh, 
Leith,  Ratho,  Balemo,  and  Peebles.  But  it  should  be  noted  that  all 
observers  at  these  places  did  not  detect  the  second  oscillation ;  and 
this  was  probably  owing  to  the  latter  being,  as  one  observer  at 
Edinburgh  states,  slighter  than  the  first  At  Balerno,  again,  it  was 
remarked  that,  though  both  movements  were  momentary,  the  second 
was  the  more  lasting  of  the  two. 

There  is  only  one  other  noteworthy  point  that  I  can  gather  from 
the  somewhat  scanty  descriptions.  In  all  the  instances,  but  one,  in 
which  the  character  of  the  movt-ment  is  recorded,  the  oscillation  is 
described  as  a  rise  of  the  ground,  followed  by  a  fall.  This  is  the 
case  at  Edinburgh,  Balerno,  Trinity  (near  Leith),  Davidson's  Mains, 
Linlithgow,  and  Polmont  On  the  other  hand,  at  Penicuik,  a 
"  workman,  who  happened  at  the  moment  to  be  seated,  felt  the  brick 
floor  recede  from  his  feet,  and  then,  as  it  were,  return  to  them." 
Now,  the  six  places  just  mentioned  are  in  the  northern  part  of  the 
disturbed  area;  whilst  Penicuik  is  a  short  distance  to  the  east  of 
the  epicentrum.  I  shall  recur  to  this  point  in  discussing  the  origin 
of  the  earthquake. 

Duration. — Records  of  the  duration  come  from  seven  places,  and 
range  from  not  greater  than  one  second  (at  Davidson's  Mains),  to 
ahout  two  seconds  (at  Edinburgh,  Trinity,  Leith,  and  Penicuik), 
and  about  three  seconds  (at  Balerno  and  Kirknewton).  Probably 
some  of  the  estimates  of  the  duration  also  include  that  of  the  sound- 
phenomena  ;  but,  in  either  case,  they  seem  to  indicate  a  decrease  in 
duration  as  the  disturbance  radiated  from  the  origin. 

Intensity. — The  following  list  gives  the  intensity  of  the  shock  at 
places    where    the    accounts     were    sufficiently     detailed    for    its 
determination. 
VI.  Balerno,  Carrie,  Harperrigg. 

V.    Bellsquarry,    Corstorphine,    Davidson's    Mains,    Eddlestone, 
Edinburgh,  Gogar,  Hartwood,  Juniper  Green,  Kirknewton,  Leith, 
Linlithgow,  Penicuik,  Ratho. 
IV.  or  V.  Bathgate,  Polmont. 

IV.  Burntisland,  Causeway  end,  Cockburn,  Dumfermline,  Eskbank, 
Peebles. 


ui   ine  K>6  places  from   which  records  ha% 
the  other  hand,  there  are  several  places 
and  where  it  is  expressly  stated  that  no 
are  Leith,  Trinity,  Burntisland,  and  Polm* 
on  the  map  by  a  stroke  ( — )  drawn  throi 
the  place.     It  is  also  important  to  note 
Edinburgh  (where  the  intensity  was  V.)  arc 
in  only  two  cases  is  there  any  mention  m 
Again,  at  Peebles  (where  the  intensity  wai 
acoounta  which  Dr.  Gunn  sent  me,  two  a 
phenomena  only,  the  shock  being  apparent 
From  these  facts,  two  conclusions  may  be  c 
(1.)   The  area  throughout  which  the  soi 
coextensive  with  the  disturbed  area ;  a  fact 
case  of  other  earthquakes. 

(2.)  The  centre  of  the  sound-area  was  nc 
the  disturbed  area,  but  lay  probably  about 
south-east  of  the  latter.      It  will  be  seen 
may  be  made  in  the  case  of  the  Lancashire 
I  believe  that  this  conclusion  is  new,  and 
light  on  the  origin  of  earthquake-sounds. 

In   their  character    the   sounds    accomp 

earthquake  do  not  seem  to  have  been  in  a 

following  are  the  only  detailed  descriptions 

Balemo  :  like  the  falling  of  a  heavy  matti 

Bathgate :  as  if  a  heavy  waggon  had  pass 

Cockbum  :  as  though  a  large  tree  had  fall 

Edinburgh:    (I)    like  the  rumbling  of  ( 

loud  sharp  crash,  as  if  the  Acxr^T  \y^A  \ —     ' 


C.  Datkon — British  Earthquakes.  66 

sound  18  generally  said  to  have  accompanied  the  shock,  but  this  is  a 
vague  expression.  Probably  it  overlapped  the  shock  slightly  at 
either  end;  at  different  places  in  and  near  Peebles,  Dr.  Gunn  informs 
me  that  it  was  said  in  one  case  to  precede  the  shock,  in  two  to  follow 
it,  and  in  one  to  bi)th  precede  and  follow  it 

Position  of  the  Seismic  Focus  and  Geological  Relations. — The  faults 
of  the  Edinburgh  district  ''group  themselves  naturally  into  two 
series,  one  more  or  less  at  right  angles  to  the  strike  of  the  beds,  that 
is,  east  and  west,  or  from  south-east  to  north-west;  the  other  usually 
of  greater  magnitude,  in  long  parallel  north-east  and  south-west 
lines."  The  latter  faults  **  lie  almost  wholly  along  the  axis  of  the 
Pentlands.  In  place  of  cutting  across  the  strike  of  the  country  as 
the  other  faults  do,  they  run  parallel  to  it  Flanking  each  side  of 
the  anticline,  their  effect  has  been  to  depress  the  Carboniferous  strata 
against  the  older  rocks  of  the  hills,  so  that  on  the  west  side  their 
downthrow  is  to  the  west,  and  on  the  east  side  to  the  east"  Of 
these  main  faults,  which  are  four  in  number,  three  are  shown  on  the 
accompanying  map  of  the  Edinburgh  earthquake.  The  first  of  these 
(marked  A  A  on  the  map)  extends  from  the  sea  at  Portobello  to' 
beyond  Carlops  in  Peeblesshire ;  its  downthrow  is  to  the  south-east, 
and  the  amount  of  the  throw  in  parts  probably  not  less  than  3000  feet 
The  second  fault  (BB)  reaches  from  the  head  of  the  Logan  valley  to 
North  Black  Hill,  where  it  seems  to  die  out  The  third  fault  (CO) 
extends  in  a  wavy  line  from  Arthur's  Seat,  near  Edinburgh,  to  the 
neighbourhood  of  Bevelaw  ;  but  in  certain  parts  its  course  is  some- 
what doubtful.  The  downthrow  of  the  two  latter  faults  is  to  the 
north-west,  but  the  amounts  of  their  throw  are  unknown.' 

Now,  the  centre  of  the  disturbed  area,  as  indicated  on  the  map, 
lies  about  3  miles  W.  42^  S.  of  Balemo ;  and  this,  as  before  remarked, 
may  be  regarded  as  the  approximate  position  of  the  epicentrura, 
which  is  therefore  to  the  north-west  of  all  three  of  the  faults.  The 
earthquake  cannot,  then,  have  any  connexion  with  the  first  of  these 
faults.  From  the  line  of  the  third  fault  (CC),  the  perpendicular 
distance  of  the  epicentrum  is  about  1^  miles.  The  shock  might  ap- 
parently have  been  caused  by  a  slight  extension  of  the  fault  towards 
the  south-west,  or  by  a  slip  of  the  fault,  supposing  it  to  extend 
underground  far  enough  in  this  direction.  But,  unless  we  assume 
that  the  earthquake  originated  at  one  fault,  and  the  earthquake- 
sounds  at  exactly  the  same  moment  at  another,  it  does  not  seem 
possible  to  connect  the  earthquake  with  this  fault ;  for  the  centre  of 
the  sound-area  lies  about  two. or  three  miles  to  the  south  or  south- 
east of  the  epicentrum,  and  therefore  to  the  south  or  south-east  of 
the  line  of  fault  at  the  surface. 

Turning  next  to  the  second  fault  (BB),  we  find  the  perpendicular 
distance  of  the  epicentrum  from  the  line  of  fault  at  the  surface  is 
al)Out  2^  miles ;  and  this  would  admit  of  the  sound-focus  being  on 
the  fault-plane,  but  probably  close  to  the  surface.     It  does  not  seem 

'  H.  H.  Howell  and  A.  Geikie,  Geology  of  the  Neighbourhood  ot  'EdmXixa^^ 
pp.  llS-119. 
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unreasonable  to  infer,  then,  that  the  Edinburgh  earthquake  was  in 
some  way  connected  with  this  fault. 

If  the  inclination  of  the  fault  were  known  in  the  neighbonrhoo<l 
of  the  epioentrum,  this  would  enable  us  to  determine  approximately 
the  depth  of  the  seismic  focus,  assuming  the  inclination  to  be  con- 
stant to  a  depth  of  a  few  miles  below  the  surface.  The  exact  incli- 
nation is,  however,  unknown ;  but  Prof.  J.  G^ikie  informs  me  that 
it  "  cannot  be  less  than  7U°-80°  from  the  horizontal,  say,  about  lo*^ 
from  the  vertical."  If  this  be  the  case,  then,  the  depth  of  the  centre 
of  the  seismic  focus  is  not  much  less  than  6  miles,  nor  much  greater 
than  12|  miles,  and  perhaps  does  not  differ  considerably  from  8| 
miles. 

The  bearing  of  the  observations  made  on  the  first  direction  of 
motion  of  the  principal  vibration  will  now  be  obvious.  The  six 
places  (Edinburgh,  Balemo,  Trinity,  Davidson's  Mains,  Linlithgow, 
and  Polmont)  where  the  movement  was  first  upward,  lie  on  the 
downthrow  side  of  the  fault,  whilst  Penicuik,  where  the  movement 
was  downward  first,  is  on  the  upthrow  side.  Now,  if  the  mass  of 
rock  on  the  downthrow  side  slipped  slightly  downwards,  or  if  the 
mass  on  the  upthrow  side  slipped  upwards,  the  particles  on  the 
downthrow  rock-face  would  be  drawn  upwards  first,  and  those  on 
the  upthrow  rock-face  would  be  drawn  downwards.  The  earth- 
wave  or  the  rock-masses  on  either  side  of  the  fault  would  thus  start 
in  opposite  phases  of  vibration,  and  the  resulting  effects  at  the  seven 
places  on  the  surface  would  be  those  described  above. 

I  believe  we  may,  then,  with  some  probability,  conclude  :  (1 ) 
that  the  Edinburgh  earthquake  was  caused  by  a  slip  of  the  fault 
marked  BB  on  the  map,  at  a  spot  vertically  below  the  position 
indicated  for  the  epicentrum,  and  therefore  not  far  from  the  middle 
of  the  fault,  where,  probably,  the  throw  is  a  maximum  and  where 
earthquake-action  has  been  most  frequent  or  most  intense ;  (2)  that, 
on  account  of  the  simple  character  and  short  duration  of  the  dis- 
turbance, the  horizontal  length  of  the  fault  over  which  the  slip  took 
place  was  very  short,  possibly  less  than  a  mile;  (3)  that  the  slip  of 
the  downthrow  side  was  downwards  or  that  of  the  upthrow  side 
upwards,  resulting,  in  either  case,  in  an  increase  of  the  throw  of  the 
fault  in  the  neighbourhood  of  the  seismic  focus  ;  and  (4)  that,  while 
the  region  of  maximum  slip,  the  focus  of  the  earthquake  proper,  was 
probably  at  a  depth  of  several  (perhaps  about  8)  miles,  the  slip 
extended  upwards  to  within  a  short  distance  of  the  surface,  this  part 
of  the  slip-area  being  the  focus  of  the  sound-vibrations.  This  latter 
conclusion  will  be  considered  somewhat  more  fully  in  treattng  of 
the  Lancashire  earthquake,  and  at  greater  length  in  a  subsequent 
paper. 

"  When  we  reflect,"  says  Dr.  A.  Geikie,  "  upon  the  extent  of 
depression  produced  by  these  faults,  we  see  at  once  that  the  Car- 
boniferous rocks  must  formerly  have  stretched  across  the  area  of  the 
Pentland  Hills,  and  that  it  is  to  the  agency  of  these  dislocations, 

^  On  the  Existence  of  Undisturbed  Spots  in  Eartliquuke-shaken  Areas,   Geol. 
Mao.  (April,  1886),  Vol.  III.  pp.  157-169. 
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aided  aabaeqaentl;  by  w  extensive  denudation,  that  the  older  rockg 
of  that  ofaaiD  an  Tisible."  ■  The  Pentlaiul  f&ulta  have  thoa  pUyed 
ID  important  part  in  the  past  history  of  the  distriot,  But  thuir 
work  is  not  yet  finishei),  and  the  ooourrenoe  of  the  Edinburgh 
earthquake  abowB  that  the  process  of  geological  change  is  still  being 
carried  ont  od  the  aiinie  lines  as  before.  It  remaina  for  future  eartli- 
qoakes  to  enable  us  to  determine  the  laws  which  govern  tbeiie 
changes  and  the  rate  at  which  they  are  now  taking  place. 

Aittkoriliet. —  "Dalkeith  AdTertiser,"  Jan.  24;  -  Dumfermline 
Journal,"  Jan.  26;  "Falkirk  Herald,"  Jan.  19;  "  Lanark  a  Lire 
Eiaminer,"  Jan.  26  ;  "  Peeblesshire  Advertiser,"  Jan.  26  ; 
"Scotsman"  (Edinburgh),  Jan.  19,  21,  22.  23.  25,  and  Deo.  28; 
"West  Lothian  Courier"  (Baihgate),  Jan.  19  and  26.' 

For  other  information  contained  in  the  above  account,  I  have 
pleasure  in  thanking  the  following  gentlemen  :  Mr.  J,  Aitken,  F.R.S., 
Prof.  R.  Copeland,  F.R.S.E.,  Dr.  G.  Craigie  (Musselburgh).  Mr.  W. 
Dick  (Tynehead  Station),  Dr.  John  Doig  (Bathgate),  Prof.  J.  Geikie. 
F.R.S.,  Dr.  C.  B.  Gunn  (Peebles),  and  the  Uev.  W.  Ross  (Poloiont) . 

[H  hi  MHtMtui.) 
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BY  Means  of  Heavy  Liquids.' 

Bj  J.  W.  EvAKs.  LL.B.,  B.Sc..  F.G.8, ; 

DemoDBtrator  in  Geology,  Itojal  College  of  Science.  London. 

I  AM  aware  that  in  describing  a  new  apparatus  for  separntion 
by  heavy  liquids,  I  am  adding  another  item  to  a  list  which  is 
Already  a  very  long  one.  My  only  excuse  is  that  this  particular 
form  has  the  advantage  of  being  easily  and  cheaply  constructed  from 
ordiniiry  chemical  apparatus,  and  yet  has  most  of  the  advantages  of 
ITioulet's'  comparatively  expensive  form. 

The  construction  and  use  will  be  best  explained  by  means  of  the 
accompanying  drawings. 

i<  is  a  cylindrical  funnel.  The  conioul  portion  connooting  the 
upper  cylinder  with  the  narrower  cylinder  or  tube  below,  should  be 
M  steep  as  possible,  otherwise  a  little  trouble  is  occasioned  by  par- 
ticles adhering  there. 

The  funnel  is  closed  below  by  means  of  a  piece  of  india-rubber 
tubing  and  pinchoock.  It  may  be  supported  on  an  ordinary  wooden 
GIter  stand. 

'  Geo),  of  the  Keighbonihood  of  Edinburgh,  p.  ISO. 

'  ThefuUowiDg  papcn  cootuin  deacriptions  of  the  Edinbuirh  earthquake  ;— A.  Q., 
Tbc  Kartbqauke  at  hjliuburgh,  Ksture  (Jun.  31.  18S9).  toC  39,  pp.  324-32a.  fi. 
fiirhardsoD.  (>a  the  EarlhquuLe  Sbucks  ciperienced  in  the  Edinburgh  District  ou 
Vriili)-,  January  18,  1889  ir*ad  before  iha  Edinbargh  Ueol.  Soc.  oc  Feb.  21,  1889), 
"ScullLth  tieojrra[iliicfil  Magazine"  for  March,  1S89, 

'  A  short  notice  of  raj  upporatu^  in  ita  siuiplest  form  vill  be  found  at  p.  108  of 
lie  inlcresting  uud  valuable  Manual  bv  rrofunsor  Colo,  of  the  Itoyiil  College  of 
SciniM,  Dubiio,  entitled,  "Aids  to  I'ruetical  Geology."  which  nas  just  been 
publubed. 

*  Bull.  Soc.  Min.  de  France,  t.  ii.  (1876)  p.  17. 


iScale  of  C«iiliiHelv«b 


The  liquid  and  the  roateriftl  to  be  opera 
funnel.     When  the  first  separation  has  tnln 
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end  and  inaeiting  the  pieoe  of  glass  rod.  After  the  kpse  of  some 
time  air  is  re-admitted  through  fr,. 

The  aboTe  prooeeses  may  be  repeated  several  times,  if  thought 
neoesaary  ;  to  more  thoroughly  shake  the  lighter  fragments,  the 
tube  6|  may  be  raised  till  the  end  is  only  just  below  the  liquid. 

If  an  air-pump  is  not  available,  the  air  may  be  withdrawn  by  the 
Iimgs,  but  the  effort  to  oyercome  the  weight  of  the  oolumn  of  liquid 
is  apt  to  render  the  passage  of  air  rather  violent  The  tube  fr|  may 
also  be  used  (without  the  oork)  to  agitate  the  lighter  layer  by  gently 
blowing  just  below  the  surface ;  or  to  disturb  any  fragments  resting 
on  the  oonioal  part  of  the  apparatus,  whioh  may  be  best  done  by 
drawing  up  a  portion  of  the  liquid  and  then  letting  it  descend  from 
the  tube  close  to  the  fragments  to  be  moved ;  but  it  is  safer  to  use  a 
pipette  for  this  purpose. 

A  few  lighter  particles  may  adhere  to  the  tube  as  it  is  removed ; 
if  it  is  desired  not  to  neglect  these,  they  may  be  washed  back  by 
liquid  of  the  same  density. 

In  order  to  draw  off  the  heavier  particles,  the  apparatus  C  and  D 
is  used.  C  is  a  thistle-tube  perforating  a  oork,  and  having  at  the 
lower  end  a  piece  of  india-rubber  tube  (<;i)  of  less  diameter  when 
nnstretohed  than  C.  The  india-rubber  at  the  end  of  C  fits  tightly 
into  the  top  of  the  narrow  portion  of  A,  Z)  is  a  glass  rod  brought 
to  a  conical  point  at  the  lower  end.  Insert  it  in  (7  so  that  the  end 
projects  some  distance  beyond  the  india-rubber  e^,  in  which  it  should 
fit  tightly.  The  whole  is  then  inserted  in  the  funnel.  If  this  is 
done  skilfully,  few  (if  any)  of  the  lighter  particles  are  carried  down 
with  it,  as  the  conical  end  of  the  glass  rod  causes  a  centrifugal 
movement  at  the  surface  as  it  passes  down.  To  remove  any  that 
may  have  descended,  adjust  the  cork  so  that  the  india-rubber  is  a 
little  above  the  narrow  portion  of  the  funnel ;  a  little  movement  and 
the  lapse  of  a  few  minutes  will  be  sufficient.  If  any  particles  are 
caught  by  the  lower  end  of  the  india-rubber  Ci,  they  may  be  dis- 
placed by  an  up-and-down  movement  of  the  rod  D  relatively  to  C 
Now  depress  C  so  as  to  fit  tightly  in  the  narrow  portion  of  the 
funnel,  tighten  the  cork,  withdraw  the  rod  D,  and  open  the  pinch- 
cock  ;  the  lower  part  of  the  liquid  falls  with  the  heavier  fragments 
into  a  beaker;  the  tube  is  then  thoroughly  washed  clear  of  all 
residuary  particles  by  a  stream  of  distilled  water  poured  into  the 
cop  of  the  thistle-tube  0. 

After  letting  the  tube  drain  till  nearly  free  from  water,  the  pinch- 
cock  having  been  closed,  and  the  tube  C  removed,  the  density  may 
be  lowered  for  another  separation  ;  this  is  best  done  by  gradually 
adding  the  diluting  fluid  through  hi  or  a  similar  tube,  the  small 
aperture  being  at  the  bottom  of  the  narrow  portion  of  the  funnel. 
Ihe  thin  stream  of  lighter  fluid  easily  mixes  with  the  heavier  as 
it  rises,  especially  if  the  tube  is  being  gently  agitated.^ 

^  I  have  not  arranged  for  the  calculation  of  density  from  the  Tolamefl  used. 
If  required,  the  apparatus  could  be  graduated  (bein^  heightened  if  necesaary). 
Practically  it  ia  better  to  dilute  with  a  solution  only  shghtly  lighter  till  separation 
takes  place  and  then  determine  the  density  by  one  of  the  uraal  methods. 
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The  above  form  is  adapted  for  qm  witb  Klein's  eolation  (Boro- 
tiingstate  of  Cadmium),  which  has  been  found  the  best  for  practical 
use  for  densities  below  3*28,  as  it  has  not  the  highly  poisonous 
character  of  the  Sonstadt  solution  (potassium  iodide  and  mercuric 
iodide)  and  does  not  decompose  and  discolour  so  easily  as  methylene 
iodide.  Above  3*28,  methylene  iodide,  with  or  without  the  addition 
of  iodoform  (as  proposed  by  Eetgers),'  must  be  used.  Here,  as  the 
use  of  india-rubber  is  inadmissible,  the  pinchcock  must  be  replaced 
by  a  glass  tap  (but  the  bore  need  not  be  the  same  as  that  of  the  glass 
tube,  as  is  usually  necessary  in  apparatus  of  this  nature)  ;  and 
instead  of  using  the  india-rubber  ei,  the  end  of  the  thistle-tube  C 
and  the  base  of  the  conical  part  of  the  funnel  must  be  ground  so 
as  to  fit  one  another,  and  the  rod  D  must  closely  fit  the  tube. 

I'he  tube  C  has  some  external  similarity  to  the  plug  used  in  the 
useful  apparatus  devised  by  Mr.  Smeeth  :*  but  there  the  plug  is  not 
perforated,  and  there  is  no  resemblance  in  the  mode  of  action  of  the 
two  forms. 

I  ought  to  add  that  all  my  work  with  heavy  liquids  has  been 
carried  on  at  the  Royal  College  of  Science,  where  Professor  Jutld 
has  kindly  given  me  every  facility  in  my  endeavours  to  find  the  best 
practical  form  of  instrument  neither  too  expensive  nor  too  delicate 
for  students'  work. 


IV. — Essays  in  Theoretical  Geology* 

By  R.  D.  Oldham,  A.R.S.M.,  F.G.S., 
of  the  Geological  Survey  of  India. 

The  Age  and  Origin  of  the  Himalayas,  with  Especial  Refer- 
ence to  the  Rev.  0.  Fisher's  Theory  of  Mountain  Formation. 

The  Facts  {continued  from  p.  18). 

I  HAVE  already  shown  that  the  northern  boundary  of  the  Indo- 
Gangetic  alluvium  is  a  structural  one,  and  that  the  rock  area 
immediately  to  the  north  of  it  has  been  elevated,  while  the  nature  of 
the  l>oundary  on  the  south,  the  deep  imbayments  of  the  alluvium, 
the  gentle  manner  in  which  the  older  rocks  slip  under  it,  and  the 
iuliers,  alike  show  that,  on  the  south,  the  alluvium  has  gradually 
encroached  on  the  rock  area  by  the  subsidence  of  the  latter. 

I  have  also  shown  that  at  one  period  the  present  demarcation 
of  the  Peninsular  and  Extrapeninsular  ai^eas  did  not  exist,  and  that 
the  latter  extended  across  the  area  now  occupied  by  the  Gangetio 
iilliivium  into  what  is  now  Sikkim.  From  this  we  may  conclude 
thatdunng  the  rise  of  the  Himalayas  the  fonnation  of  the  depression 
now  occupied  by  the  alluvial  deposits  of  the  Indus  and  Ganges 
has  proceeded,  and  that,  just  as  its  northern  boundary  has  been 
encroached  upon  by  the  gradual  southward  extension  of  the  Himalayan 
region,  so  it  has  itself  encroached  on  the  rock  area  to  the  south, 
and  necessarily  at  a  greater  rate. 

J  {'/^-  Betters,  Neues  Jahrbuch,  1889  (2^,  p.  185. 

-  ScieDtWc  Proceedings  of  the  Eoyal  Dub\m  Sodet^ , 'st>\.  V\.  ^«^  v&rvea  1888), 


p.  58. 
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s  bypotbesis  is  true,  the  sections  of  deep  borings  near  either 
the  alluvium  should  show  diverse  results  as  to  the  relative 
ion  of  fine  to  ooarse-grained  deposits  near  the  surface  and 
down.  On  the  north,  the  southward  march  of  the  edge 
hills  MTould  lead  to  coarse-grained  deposits  extending  over 
rbile  near  the  southern  margin  the  increasing  distance  from 
e  of  tbe  rock  area  should  lead  to  fine-grained  deposits  being 
vn  over  ooarser. 

deep  borings,  which  have  been  put  down  in  the  Gangetio 
n,  are  few  in  number,  and,  except  two,  are  not  well  situated 
ng  the  hypothesis. 

Girst  of  these  is  the  boring  made  in  Fort  William,  Calcutta. 

-38.     In  discussing  this  and  the  other  borings  I  Khali  adopt 

bod  of  classifying  the  beds  passed  through  as  "  sand  "  and 

A  more  perfect  classification  is  impossible,  owing  to  the 

i  of  nomenclature  indulged  in  by  the  men,  never  trained 

its,  to    whom  the  sinking  of  the  borings  must  necessanly 

'usted.      By   classifying   "  sand,"   **  coarse    sand,"   "  clayey 

etc,    as    sand;  and   "clay,"  "silt,"  "sandy  silt,"    "limey 

ta,  as  clays,   we  shall  get  a  very  fair  general  idea  of  the 

coarseness  of  grain  of  the  beds  passed  through  in  different 

tbe  same  boring. 

ting  this  system  of  classification,  we  may  make  an  abstract 

ort  William  boring  ^  thus  : — 


ft. 

0 

ft. 
to  100  

sand 
0  

clay 
100 

100 

,,  200  

11  

89 

200 

„  300  

95  

6 

300 

,.  400  

98  

2 

400 

,.  481  

81  

0 

nerease  in  coarseness  of  grain  of  the  beds  passed  through  is 
lous  enough  in  this  abstract,  but  the  reality  is  even  more 
;,  for,  in  tbe  sand  from  180  feet  downwards,  some  beds  of 
and  pebbly  sand  are  included,  and  the  boring  wew  finally 
,  to  a  standstill  in  a  bed  of  gravel  which  it  was  not  found 
)  to  penetrate. 

second  boring  of  importance  is  that  made  at  Umballa.' 
ig  tbe  same  broad  classification  of  clay  and  sand,  we  get  the 
ig  result : — 


ft. 

ft. 

0 

to 

100 

100 

200 

200 

300 

300 

400 

400 

600 

500 

600 

600 

701 

sand 

69  

66  

clay 

37  soil  4 

42  kunkur  2 

68  

42 

54  

46  

...  46 
54 

37  

6  

63 

95 

we  have,  as  the  hypothesis  requires,  a  very  distinct  increase 

detailed  section  see  Rec.  Gcol.  Surv.  Ind.  vol.  xiv.  p.  221  (1881);   Calc. 
at.  Hist.  vol.  L  p.  324  (1841). 
Geol.  Suit.  Ind.  vol.  xiv.  p.  233. 


Here  there  would  seem  to  be  an  increase 
both  upwards  and  downwards,  from  200  f 
this,  I  apprehend,  is  to  be  found  in  the  fact 
round  Agra  are  largely  composed  of  blown 
that  the  sand  beds  found  in  the  uppermost  1 
of  eeolian  origin,  while  below  that  the  beds 
the  gradual  upward  increase  in  fineness  of 
hypothesis. 

A  fourth  boring  has  lately  been  sunk 
at  Luoknow.  As  might  be  expected  from 
no  marked  increase  or  decrease  in  the  coarse 
through ;  but,  near  the  bottom  of  the  borii 
sand  were  found,  and  these  may  indicate  i 
of  the  alluvium  and  mark  a  time  when  its 
not  far  from  Luck  now." 

To  sum  up,  of  the  four  deep  borings  \ 
two  are  completely  in  accordance  with  the 
favour  of  it,  though  its  evidence  is  vitiated 
tions ;  while  the  folirth  is  so  situated  as  tc 
way  or  the  other  till  it  is  carried  to  a  g\ 
proof  is  at  present  impossible,  and  we  ma^ 
as  a  true  one. 

To  summarize  the  history  of  the  Himalaj 
geology,  we  find  that  at  the  commencement  < 
the  Himalayan  system  of  disturbance  had 
some  time  towards  the  end  of  the  Secondf 
near  the  middle  of  the  range  and  gradual 
reaching  the  country  now  accessible  to  obe 
western  nortinn  nf  ♦i»«  tj.*-    ^ 
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little  distnrbanoe  and  contortion,  while  suoh  oompression  as  they 
had  been  subjeot  to  did  not  belong  to  the  Himalayan  Aystem  of 
distarbance.  From  this  time  onwards  the  beds  have  been  oon- 
tinuously  subject  to  compression,  contortion,  disturbance  and  elevation, 
and  the  Himalayas  have  been  oontinaously  an  area  of  denudation. 

As  soon  aa  the  Himalayas  were  defined  as  a  distinct  hill  range, 
a  series  of  subaerial  deposits  of  great  thickness  began  to  be  deposited 
in  a  region  of  subsidence  along  their  outer  edge,  and  the  demarcation 
between  the  areas  of  subsidence  and  deposition  on  the  one  hand, 
and  of  elevation  and  denudation  on  the  other,  was  abrupt,  exhibiting 
itself  at  the  present  day  as  a  gigantic  fault  As  the  Himalayas  rose, 
the  boundary  between  the  two  areas  advanced  step  by  step  to  the 
southwards ;  the  beds  which  had  been  deposited  along  the  foot  of 
the  original  hills  were  compressed,  disturbed,  elevated,  and,  con- 
Bei|uently,  exposed  to  denudation ;  but  the  new  limit  between  the 
area  of  elevation  and  of  depression  was  again  an  abrupt  one,  which, 
on  a  subsequent  further  advance  of  the  hill  area,  showed  itself  as  a 
fault  with  an  upthrow  towards  the  central  range.  Concurrently  with 
this  southward  march  of  the  margin  of  the  Himalayas,  the  depression 
occupied  by  the  Indo-Gangetic  alluvium  extended  itself  to  the  south- 
wards by  the  gradual  subsidence  of  the  peninsular  rock  area. 

Such  are  the  main  features  of  the  liistory  of  the  Himalaya.  As 
I  have  shown,  there  have  probably  been  minor  elevations  of  the 
range  unaccompanied  by  disturbance ;  but,  in  the  main,  its  elevation 
is  the  direct  result  of,  and  has  been  accompanied  by,  compression 
and  contortion  of  the  beds  of  which  it  is  composed. 

IL— T^  Theory. 

It  is  now  generally  admitted  that  the  elevation  of  what  may  be 
called  true  mountain  ranges  is  but  a  secondary  effect  of  that  com- 
pression which  their  structure  shows  they  have  undergone.  There 
is  also  a  general  concensus  of  opinion  in  favour  of  the  Herschel- 
Babbage  doctrine  that  denudation  and  elevation,  deposition  and 
subsidence,  are  closely  connected  with  each  other,  at  least  in  so  far 
that  denudation  acts  in  intensifying  the  effect  of  the  causes  which 
lead  to  elevation,  and  deposition  of  those  that  lead  to  subsidence. 

The  most  recent  and  complete  adaptation  of  this  doctrine  to  the 
theory  of  mountain  formation  is  contained  in  the  Rev.  O.  Fisher's 
work  on  the  "  Physics  of  the  Earth's  Crust."  Mr.  Fisher's  hypo- 
thesis demands  a  solid  crust  resting  on  a  denser  magma,  whose 
condition  is  actullay  or  virtually  that  of  a  fluid.  The  crust,  on  being 
subjected  to  compression,  yields  along  certain  lines  and  as  a  result 
is  thickened,  both  upwards  and  downwards,  from  a  zone  somewhere 
in  the  thickness  of  the  crust  "  above  which  the  material  will  on 
the  average  be  sheared  upwards,  and  below  it  downwards ;  "  this 
zone  is  called  the  "neutral  zone,"  and,  for  reasons  which  it  is 
needless  to  enter  into  here,  is  placed  at  three-fifths  of  the  thickness 
of  the  crust  from  its  upper  surface.* 

As,  for  many  reasons,  it  is  highly  improbable  that  the  elevation 

1  Physics  of  the  £arth's  Crust,  second  edildon,  pp.  183-184. 
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would  be  perfectlj  svminetrical,  we  may  assome  that  the  watershed 
would  be  nearer  one  side  than  the  other,  and.  coneeqnently.  a  larger 
amount  of  dehrifi  removed  by  denudation  would  be  deposited  on  the 
opposite  side  of  the  ridge,  with  the  result  that  the  centre  of  gravity 
would  be  shifted  towards  that  side  on  which  the  greater  quantity  of 
sediment  is  deposited,  that  is,  to  the  right  of  the  diagram.  Fig.  1. 
In  this  state  the  centres  of  gravity  and  of  flotation,  are  no  longer 
in  the  same  vertical,  and  equilibrium  is  only  restored  by  a  rotation  of 
the  disturbed  tract  accompanied  by  an  extension  of  the  depression 
to  the  right  and  a  diminution  and  ultimate  extinction  of  that  to  the 
left.  Along  with  this  rotation  there  would  be  a  general  shifting  of 
the  tract  to  the  right,  which  would  expose  the  left-hand  side  to 
tension,  "  which  may  possibly  open  fissures  downwards  on  the 
western  side  of  the  range." 

Fio.  2* 


Fio.  1. 

Fio.  1. — Fidher*s  Physics  of  the  Earth^s  Cnut.    Diagram  on  p.  186.   2Dd  edition. 

Fio.  2.— DiaCTam  to  illustrate  the  theorr  of  the  eleradon  of  the  Himalavas. 

scale :  hor.  ab<>ut  60  milas,  vert,  ahout  30  miles  to  1  inch. 
A, — Massif  of  the  Himalayas. 
B.~  •*  Root  "  of  the  same. 

C. — Earlier  margiDal  de|>osits,  compressed  and  elevated. 
e. — CuntiDuation  of  the  same,  deprnsed  and  undisturbed. 
D. — Subsequent  deposits  overlapping  C. 
b. — Sinking  of  lower  surface  of  crust  due  to  C  and  D. 

The  extinction  of  the  Nummulitic  sea  of  the  central  Himalayas 
and  the  great  volcanic  outbursts  which  accompanied  it  may  represent 
tbe  extinction  of  the  depression  on  the  left-hand  side  of  the  diagram, 
but  the  greater  part  of  the  elevation  of  the  Himalayas  having  taken 
place  since  this,  we  are  at  once  encountered  by  the  difiiculty  that 
the  hypothesis  requires  a  rotation  of  the  whole  of  the  Central  Asian 
plateau.  We  have  no  reason  to  suppose  that  so  large  a  mass  of  the 
earth^s  crust  would  have  a  rigidity  sufficient  to  allow  of  its  rotation 
as  a  whole ;  on  the  contrary,  there  is  every  reason  to  suppose  that 
it  would  yield  infinitely  to  any  long  continued  stress.  In  Mr. 
Fisher's  investigation  it  is,  however,  assumed  that  all  lateral  pressure 
is  relieved  before  the  action  of  denudation  commences.  Such  a 
simplification  of  the  conditions  is  essential  to  a  mathematical  in- 
vestigation; but  as  in  the  case  of  tlie  Himalayas  the  compression 
has  lasted  up  to  the  recent  period,  while  there  are  not  wanting 
indications  that  it  is  still  in  progress,  we  may  take  it  that  the 
state  of  things  which  the  latter  part  of  Mr.  Fisher's  investigation 
deals  with  has  not  yet  been  reached,  and  we  may  consequently 
negiect  all  c^onsiderations  connected  with  the  rotation  of  the  Hima* 
laj'OD  tract  of  elevation. 
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We  liaTe  noiNr  to  consider  what  modifications  are  required  to  fit 
the  purely  mathematical  theory  to  the  more  complex  conditions  of 
actuality.  In  the  first  place  the  elements  of  rigidity  and  rotation 
being  abandoned,  we  need  not  consider  the  left-hand  side  of  the 
diagram,  and  may  redraw  it  in  greater  accordance  with  the  conditions 
of  the  Himalayan  region.  (See  Fig.  2.)  We  have  now  an  elevated 
r^on  A  A  subjected  to  denudation,  and  adjoining  it  an  area 
extending  to  R,  on  which  deposition  is  taking  place,  the  deposits 
being  contributed  by  the  elevated  ground  A  to  the  north,  and  the 
waste  of  the  rock  area  to  the  south.  The  tract  being  supposed  to  be 
in  equilibrium,  as  i4  is  lightened  by  denudation,  the  surplus  floating 
power  of  B  will  cause  it  to  rise,  and  the  load  thrown  on  D  will  cause 
it  to  sink,  especially  in  the  neighbourhood  of  A,  where  the  load  is 
greatest,  till  the  magma  displaced  by  the  lower  surface  of  the  crust 
is  sufficient  to  float  the  load.  The  result  will  be,  firstly  an  extension 
of  the  depression  in  a  direction  away  from  the  elevated  tract  A, 
and  secondly  a  strong  tendency  to  either  fracture  or  flexure  of  the 
crust  at  the  junction  of  A  and  D. 

As  we  may  take  the  crust  to  be  infinitely  yielding  to  long-continued 
stresses,  there  is  no  reason  why  that  produced  by  the  lightening 
of  the  one  area  and  the  loading  of  the  other  should  not  be  relieved 
simply  by  the  sinking  of  the  latter  and  the  rising  of  the  former 
CD  either  side  of  a  separating  plane.  But  denudation  and  deposition 
are  not  the  only  forces  at  work  ;  for,  to  bring  the  case  into  connection 
with  that  of  the  Himalayas,  we  must  suppose  compression  to  be 
continually  at  work.  This  will  be  relieved  partly  by  an  additional 
elevation  of  A,  but  also  by  the  compression  and  consequent  elevation 
of  the  marginal  deposits  of  A  which  would  not  offer  the  same 
resistance  as  the  already  consolidated  beds  of  A,  In  this  way  the 
dejK)sit8  on  the  edge  of  the  depression  D  would  gradually  come 
to  form  part  of  the  tract  A,  whose  boundary  would  advance  towards 
K  but  not  to  the  same  extent  as  the  shifting  of  the  outer  boundary 
of  the  depression  towards  72'. 

This  must  not  be  regarded  as  a  modification,  but  rather  as  an 
amplification  of  Mr.  Fisher's  theory;  it  is  a  more  detailed  investiga- 
tion of  a  part  of  the  process  which  does  not  lend  itself  to  mathe- 
matical treatment.  The  elevation  of  the  marginal  deposits  of  the 
depression  is  of  a  different  nature  to  that  referred  to  by  Mr.  Fisher, 
an  elevation  which  belongs  to  the  period  of  decadence  of  the  range, 
and  is  unaccompanied  by  disturbance.  The  Himalayas  have  only 
jast  completed  their  growth,  if  they  are  not  still  growing,  and  the 
elevated  marginal  deposits  with  which  we  have  to  deal  owe  their 
elevation  to  compression,  and  belong  to  the  period  of  growth  of 
the  ran^e. 

Taking  this  amplification  of  the  theory,  we  find  that  a  mountain 
range  which  has  completed  or  nearly  completed  its  growth,  but  not 
entered  on  the  period  of  its  decadence,  should  show  the  following 
features : — 

I.  ITiere  should  be  a  region  continuously  exposed  to  denudation 
and  simultaneously  to  elevation. 
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IT.  CoterminoQB  with  tbis  there  Bhoald  be  an  area  where  depositioa 
and  subsidenoe  are  Bimaltaneously  taking  place. 

III.  The  area  of  deposition  and  sabsidenoe  should  gradually  spread 
outwards  from  the  mountain  range. 

IV.  The  region  of  denudation  and  elevation  should  gradually 
encroach  on  that  of  deposition  and  subsidence. 

Y.  The  demarcation  between  the  areas  of  elevation  and  of  subsi- 
dence should  be  abrupt. 

YI.  Near  the  limit  the  submontane  deposits  should,  during 
the  elevation  of  the  range,  be  raised  with  the  accompaniment  of 
disturbauoe. 

YII.  It  is  improbable  that  the  system  of  disturbance  would  com- 
mence simultaneously  along  its  whole  length,  but  rather  it  would 
extend  longitudinally  as  well  as  laterally. 

It  is  only  necessary  to  compare  this  statement  of  the  deductions 
arrived  at  theoretically  with  the  results  of  observation  as  given  in 
the  first  part  of  the  paper,  to  see  how  close  and  complete  ia  their 
accordance.  And  in  thid  agreement  we  find  very  strong  evidence 
of  the  truth  of  the  theory. 

I  have  aroided  overburdening  the  text  with  references  ;  none  of  the  facts  are  here 
published  for  the  first  time,  and  but  little  of  the  deductions.  The  ideas  and  con- 
clusions relative  to  the  history  of  the  Himalayas  are  well  known  to  those  who  have 
worked  at  it ;  in  a  more  or  less  complete  form  they  have  been  published  at  different 
times,  but  have  never  before  been  collected  together.  The  following  papers  have 
been  made  use  of,  and  should  be  consulted  for  further  details : — 

Sir  K  T.  CautUff.  On  the  Stnicture  of  the  Sewalik  Hills  and  the  Organic 
Bemains  found  in  them.     Greol.  Trans,  second  series,  vol.  v.  pp.  267-278  (1840). 

B  B,  Meditcott.  On  the  Geological  Structure  and  Relations  of  the  Southern 
Portions  of  the  Himalayan  Ranges  l^tween  the  Rivers  Ganges  and  Ravee.  Mem. 
Geol.  Surv.  Ind.  vol.  iii.  part  2  (1863). 

F.  Stoliezka.  Summary  of  Geological  Observations  during  a  Visit  to  the  Provinces 
of  Rupshu,  Kamag,  South  Ladak,  Zanskar,  Suroo,  and  Dras  of  Western  Tibet,  in 
1866.     Mem.  Geol.  Surv.  Ind.  vol.  v.  pp.  337>3d4  (1866). 

A.  B,  IVynne.  Observations  on  some  Features  in  the  Physical  Geology  of  the 
Onter  Himalayan  Region  of  the  Upper  Punjab.  Quart.  Joum.  Geol.  Soc.  vol.  xxx. 
pp.  61-80  (1874). 

H  B.  Medtieott,  Note  on  the  Sub-Himalayan  Series  in  the  Jamu  (Jummoo) 
Hills.     Rec.  Geol.  Surv.  Ind  vol.  ix.  pp.  49-d7  (1876). 

A.  B,  Wymif.  Note  on  the  Tertiary  Zone  and  Underlying  Rocks  in  the  Xorth- 
Westem  Punj&b.     Rec.  Geol.  Sur*-.  Ind.  vol.  x.  pp.  107-132  (1877). 

Notes  on  the  Physical  Geology  of  the  Punjab.     Quart.   Joum.   GeoL 

goc.  vol.  xxxiv.  pp  347-375  '(1878). 

H.  B.  Mtdlieott.    Manual  of  the  Geology  of  India.   Cap.  22.  23,  25.  26,  27  (1879). 

W.  Theobald,  The  Siwalik  Group  in  the  Sub-Himalayan  Region.  Rec.  Geol. 
Surv.  Ind.  vol.  xiv.  pp.  66-175  (1881). 

H.  B.  Meditcott,  The  Nahan- Siwalik  Unconformity  in  the  N.  W.  Himalaps. 
Rec.  Geol.  Surv.  Ind.  vol.  xiv.  pp.  169-174  (1881). 

R,  Lydtkktr.  Geology  of  the  Kashmir  and  Chamba  Terntories,  and  the  British 
District  of  Khagan.     Mem.  Geol.  Surv.  Ind.  vol.  xxii.  (1883). 

R.  D.  Oldham.  Note  on  the  Geology  of  the  Gangasulan  Pargana  of  British 
Garhwal.     Rec.  Geol.  Surv.  Ind.  vol.  xvii.  pp.  161-167  (1884). 

Memorandum   on   the    Probability  of  Obtaining  Water  by  Means  of 

Artesian  Wells  in  the  Plains  of  Upper  India.     Rec.  Geol.  Surv.  Ind.  voL  xviii. 
pp.  110-112  (1885). 

C,  S,  Middltmiu.  Physical  Geolog}*  of  the  Sub- Himalaya  of  Garhw&l  and 
Kumann.    Mem.  Geol.  Surv.  Ind.  vol.  xxiv.  part  2  (1890). 


Notices  qf  Memoirs — W.  W.  Watts — On  Long  Mountain.     77 

3iToa?iOES    o:f    iiJiEn^oiKS. 

I. — Prof.  W.  Dames  on  a  Swedish  Cretaceous  Bird. 
'^Ukber  Vooelrestb  aus  DEM  Saltholmskalk  yon  Limhamn  bei 
Malmo."     By  W.  Dames.     Bihang  till  k.  Svenska  Vet-Akad. 
Handl.,  vol.  xvi.  pt.  iv.  No.  1,  with  plate  (1890). 

IN  this  paper  Professor  Dames  discusses  associated  right  hamerus, 
coracoid,  and  scapala,  apparently  of  a  bird,  obtained  by 
Professor  Lundgren  from  the  Upper  Senonian  of  Southern  Sweden. 
In  the  course  of  his  introductory  remarks  he  alludes  to  the  possible 
occurrence  of  a  gadoid  fish  in  the  same  formation — the  determina- 
tion being  apparently  based  upon  the  original  example  of  Dercetia 
limhamnensis  of  Davis.  A  detailed  description  of  the  bird- bones 
follows,  and  the  provisional  name  of  Scaniornis  Lundgreni  is  pro- 
posed for  the  genus  and  species  they  represent  All  known  carinate 
birds  from  the  American  and  European  Cretaceous  and  Tertiaries 
are  successively  reviewed  in  comparison  ;  and  a  reference  to  recent 
skeletons  suggests  that  the  new  extinct  Swedish  type  is  a  primitive 
wader.  A.  S.  W. 

II.— The    Geology    of    the    Long    Mountain,   on    the    Welsh 
Borders.     By  W.  W.  Watts,  M.A.,  F.G.S.* 

THE  author  described  the  Silurian  succession  in  a  part  of  West 
Shropshire  and  East  Montgomeryshire. 

1.  May  Hill  grit,  sometimes  conglomeratic,  containing  one  richly 
fossiliferous  band  of  limestone  at  Cefn,  Buttington,  This  is  traced 
from  Cefn  to  the  north  end  of  the  Breidden  Hills,  where  it  appears 
to  thin  out.  It  rests  unconformably  on  various  members  of  the  Bala 
gronp,  and  at  Cefn  a  small  dyke  of  diabase  is  intruded  along  tbe 
junction  line. 

2.  Purple  and  green  shales  with  very  rare  fossils,  chiefly  Ento- 
inostraca  and  small  Bracbiopods. 

3.  Wenlock  mudstones,  earthy  in  the  lower  part,  and  more  cal- 
careous above,  containing  Cijrtograptna  Linnarssoni,  Monograptus 
Flemingiiy  M.  dubius,  and  M,  serra.  These  beds  appear  to  represent 
tbe  upper  part  of  the  Wenlock  shale  and  the  Wenlock  limestone. 

4.  Thin  muddy  shales  with  rare  flaggy  ribs,  containing  Mono* 
graptus  colonuSf  M,  Nihsontf  and  Cardiola  interrupia ;  these  are  the 
equivalent  of  the  Lower  Ludlow  beds. 

5.  Hard  thick  flags,  with  occasional  shales.  Monograptus  Leint- 
vardinenais,  M.  Salweyi,  M,  Boemeri,  the  equivalent  of  the  Aymestry 
limestone. 

6.  Thin  fissile  shales  almost  barren,  but  with  Cardiola,  These 
occupy  the  place  of  the  Upper  Ludlow  Rocks.  Above  these  beds 
comes  an  outlier  of  the  Passage-beds  with  Lingula  and  Entomostraca. 

The  structure  of  the  range  is  a  large  syncline  with  a  steep  dip  on 
the  north-west  side,  but  this  is  complicated  by  several  dip-  and 
strike-faults  and  one  or  two  small  synclines. 

The  author  acknowledged  the  great  help  rendered  by  Professor 
Lapworth  in  determining  the  Graptolites. 

'  Abstract  of  a  paper  read  at  the  British  Association  for  the  Adyaacemtiit  ol 
Science;  Leed^,  September,  1890;  Section  (C)  Geology. 
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I^  E  ^ST  I  IB  ^S^  S. 

L — XoBTH  American  CBixon>OLOGT. 

8.  A.  MiLLVs. — Structube,  CLAssiricATioN,  AND  Areahgbxent  of 
Ambricak  PALiBozoio  Crihoids  »to  Families.  Araer.  GeoL 
Vol.  vL  No.  6y  pp.  275-266,  and  No.  6,  pp.  340-357.  Minnea- 
polis, Nov.  Dec.  18dD. 

riiHAT  erndite  and  enthusiastic  writer  Mr.  Samuel  A.  Miller  of 
J^  Cincinnati,  already  famous  through  his  "  North  American 
Geology  and  Palaeontology,"  described  by  Prof.  John  Collet t  as 
'*  the  most  valuable  and  learned  work  on  Geology  and  Palaeontology 
ever  published,"  again  compels  the  attention  of  the  scientific  world 
by  the  elaborate  article  before  us. 

Mr.  Miller  has  an  extensive  and  peculiar  acquaintance  with 
Crinoids,  t.e.  with  those  from  the  Palsaozoic  rucks  of  N.  America,  and 
has  proposed  a  large  number  of  generic  and  specific  names,  some  of 
which  will  probably  stand.  What  more  is  needed?  Indeed,  Mr. 
Miller  himself  ridicules  P.  Herbert  Carpenter  for  supposing  that  a 
knowledge  of  recent  forms  is  of  any  advantage  to  the  student  of 
fossils.  Besides  this,  Mr.  Miller's  specific  names  are  never  spelled 
with  a  capital  letter,^  and  they  can  all  be  translated  by  the  aid  of 
Andrews'  Latin  Lexicon.  But,  for  all  his  learning,  Mr.  Miller 
is  not  proud ;  he  modestly  writes  as  though  he  could  read  no  language 
except  his  own  and  English.  Mr.  Miller  has  too  that  rare  merit  in 
a  scientific  man — consistency :  he  never  (or  hardly  ever)  changes 
bis  opinion,  and  consequently  has  earned  the  right  to  abuse  Wachs- 
mnth  for  changing  his  with  the  progress  of  knowledge.  At  the 
same  time  it  must  not  be  supposeil  that  the  classification  now  put 
forward  by  Mr.  Miller  is  the  same  as  that  adopted  in  his  '*  North 
American  Geology."  He  is  careful  to  explain  that  it  was  not  then 
his  object  "  to  write  an  original  treatise  on  any  one  branch."  We 
are  surprised,  for  that  classification  struck  us  as  one  of  the  most 
original  we  had  ever  seen. 

Discarding  the  puerile  speculations  of  recent  writers  as  wholly 
unsupported  by  fact,  Mr.  Miller  reverts  to  a  classification  according 
to  superficial  similarities  of  structure,  a  method  which,  with  the 
advantage  of  simplicity,  combines  the  sanction  of  antiquity.  He,  at 
least,  will  not  follow  the  vagaries  of  those  who  consider  a  certain 
character  of  family  value  in  one  place  and  of  barely  specific  import- 
ance in  another. 

Mr.  Miller  cannot  away  with  your  Morphologist ;  hence  he  has 
never  accepted  the  view  that  the  median  circlet  of  plates  in  the  cnp 
of  a  dicyclic  Crinoid  is  homologous  with  the  proximal  circlet  in  a 
monocyclic  Crinoid.  For  him  the  "  basal  "  plates  are  always  those 
next  the  stem ;  to  these  the  animal  was,  he  states,  attached  by 
ligament :  hence  these  plates  arc  '*  the  most  important  in  classifica- 
tion of  any  of  the  plates  in  the  calyx."  The  diffictdties  presented 
hj  the  numerous  pseudo-monocyclic  forms  do  not  trouble  Mr.  Miller, 

'  £xcept  when  a  patriotic  printer  inaste  on  a  \ix^  ^  iot  ^^  k\&»cvc«ii\&;' 
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for  he  does  not  undertake  to  deal  with  Crinoids  other  than  Palaeozoic, 
and,  as  for  these,  he  boldly  asserts  that  **  <  rudimentary  underbasals ' 
could  never  have  had  an  existence  in  any  of  them.**  '*  The  number 
of  basals  and  the  shape  of  the  basal  disk  are  of  the  first  importance  ** 
in  classification  ;  for.  as  Mr.  Miller  points  out,  the  number  gradually 
decreases  in  geological  time,  and  of  course  no  sound  thinker  could 
imagine  that  later  forms  arise  from  earlier  by  descent  with 
modification. 

**The  only  known  function  of  the  subradials  is  to  increase  the 
capacity  of  the  visceral  cavity,  ....  in  some  genera  they  cover  half 
the  calyx,  ....  in  all  cases  they  materially  affect  the  form  and 
structure,  ....  where  ....  large  they  were  supported  by  liga- 
ments ....  or  by  denticulated  edges  ....  Therefore  [how 
subtle  is  this  logic!] — no  family  should  include  genera  having 
subradials  and  those  in  which  they  do  not  exist.** 

"The  next  family  character  will  be  found  in  the  presence  or 
absence  of  regular  interradial  plates,'*  while  the  last  lies  in  the 
structure  of  the  posterior  interradius. 

**  The  structure  of  the  arms,**  Mr.  Miller  thinks,  "  is  never  of 
family  importance,  and  above  the  brachials  never  of  generic  impor- 
tance though  always  of  specific  value.**  As  we  are  not  informed 
what  sense  Mr.  Miller  chooses  to  apply  to  the  term  "  brachials,*'  we 
can  offer  no  opinion  on  this  point. 

We  have  not  space  to  give  a  synopsis  of  Mr.  Miller's  classification, 
but  a  few  of  the  most  noteworthy  changes  may  be  quoted  for  the 
<1elight  of  those  who  appreciate  •  common-sense.  Thus  : — the 
Syrnbathocrinidae  are  ranojed  alonorside  the  CalceocrinidaB  :  the 
difficulty  of  separating  species  of  Forhesocrinus  from  those  of  Ichthyo- 
cnntM  can  exist  no  longer  now  that  the  two  genera  are  placed  not 
only  in  diff*erent  families  but  in  separate  groups  ;  while  matters  are 
still  more  simplified  by  the  approximation  of -d(m/?Acri«^ocrintw  and 
Cloftterocriniis  to  the  **  Tchthycrinoidse.'*  Again,  forms  hitherto 
foolishly  placed  so  far  apart  as  Eucalyptocrinns,  Mariacrinus,  and 
Xenocrinus,  are  now  to  be  found  in  the  same  group  of  families.  In 
the  CyathocrinidaB  are  gathered  Bursacrtnus,  Carabocrtnus,  Graphio- 
crinns  and  others,  even  including  Cyathocrinus. 

But  for  the  rest  of  this  exciting  and  amusing  article  we  must  refer 
our  readers  to  the  Christmas  number  of  the  "  American  Geologist'* 
for  1890.  And  we  would  especially  recommend  its  perusal  to  our 
younger  readers ;  for  there  they  will  find  exemplified  a  lucidity  of 
exposition,  an  accuracy  of  argument,  and  a  courtesy  in  debate  that 
remind  one  of  the  Society  upon  the  Stanislaus,  though  from  the  Report 
of  that  body  even  Mr.  Miller  might  profit.  The  journals  in  which 
we  publish  may  be  "  conduits  of  ignorance  and  conceit."  We  are 
"illiterate,"  **  reckless  of  symmetry,"  **  shallow  pretenders"  "venting 
stupid  hypotheses";  in  our  "unenlightened  affectation"  we  make 
our  **  usually  poor  English  more  incomprehensible  "  by  quoting 
**  snatches  from  German  authors,"  we  give  full  references,  and  we 
never  have  more  than  30  misprints  in  18  pages  (Mr.  Miller  rises  to 
40).     Yes  !  we  are  all  this;  we  do  all  this  :  and  yet,  "overgrown** 
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with  "ignoranoe,  assumption,  and  oonoeit*^  as  we  are,  we  humbly 
confess  that  on  this  side  the  Atlantic  we  have  never  produced  an}*- 
thing  that  would,  for  sweet  reasonableness  and  smoothness  of 
persuasion,  stand  a  moment's  comparison  with  the  gentlemanly 
polemics  of  Mr.  S.  A.  Miller,  Cincinnati,  O. 


IL — Mb.  James  W.  Davis  on  Scandinavian  Cretackous  Fishes. 

"On  the  Fossil  Fish  of  the  Cbetaceous  Formations  of 
Scandinavia."  By  James  W.  Davis,  F.G.S.,  F.L.S.  Trans. 
Roy.  Dublin  Soc.  [2]  vol.  iv.  pp.  363-434,  pis.  xxxviii.-xlvL 
(November,  1890.) 

OF  all  extinct  fish-faunas,  that  of  the  Cretaceous  period  is  gradually 
becoming  the  best  known,  on  account  of  the  abundance  in 
which  remains  are  discovered  in  every  part  of  the  world.  A  large 
proportion  of  these  remains  are  too  imperfect  for  precise  determina- 
tion ;  but  they  suffice,  at  least,  to  make  known  the  geographical 
distribution  of  the  principal  types,  and  the  fossils  of  a  few  areas — 
e.g.  Britain,  Westphalia,  8yria,  Brazil,  and  Western  North  America 
— are  so  admirably  preserved  as  to  form  definitely  determined 
standards  for  comparison.  Mr.  Davis'  new  Memoir  is  the  latest 
contribution  to  the  subject,  and  comprises  a  beautifully  illustrated 
account  of  the  Upper  Cretaceous  Fishes  of  Southern  Sweden,  with 
its  adjacent  islands,  and  the  neighbouring  shore  of  Denmark. 

Apart  from  incidental  references,  the  Cretaceous  fish-fauna  of 
this  northern  region  has  hitherto  remained  quite  unknown,  and 
ichthyologists  are  much  indebted  to  the  Curators  and  Professors  of 
the  Scandinavian  Museums  and  Universities  for  entrusting  all  their 
collections  to  a  specialist  for  elucidation.  Mr.  Davis'  researches  are 
based  upon  materials  from  the  Swedish  State  Museum,  the  Swedish 
Geological  Survey,  and  the  Universities  of  Lund  and  Copenhagen. 
On  the  whole,  the  specimens  are  of  a  very  fragmentary  character, 
but  most  of  them  are  at  least  genericall}'  determinable,  and  many 
appear  to  be  specifically  identical  with  well-known  forms  from 
Britain  and  other  areas.  The  great  interest  of  the  collection  consists 
in  the  fact,  that  while  it  is  in  part  derived  from  truly  Senonian 
horizons,  the  majority  of  the  specimens  were  obtained  from  the 
Danian  series.  Some  of  the  species,  therefore,  are  of  a  decide<ily 
Tertiary  character.  Prof.  Bernard  Lundgren  supplies  important 
stratigraphical  information  which  is  tabulated  at  the  end  of  the 
memoir ;  and  from  this  table  may  be  perceived  at  a  glance  the  geo- 
graphical and  geological  range  of  the  thirty-four  species  described. 

Most  of  the  fossils  under  discussion,  as  might  naturally  be 
expected,  are  Elasmobranch  teeth ;  and  the  author's  introductory 
remarks  deal  chiefly  with  the  classification  of  the  Cretaceous  Lam- 
nido).  While  adopting  to  a  large  extent  the  arrangement  formulated 
in  the  British  Museum  Catalogue  of  Fossil  Fishes,  Mr.  Davis  prefers 
to  revert  to  the  Agassizian  conception  of  Otodus  and  OdontasptSf 
and  is  uncertain  whether  any  ichthyologist  hitherto  has  philosophi- 
cally determined  the  limits  of  Carcharodon,   The  principal  difference 
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between  the  Catalogue  jost  cited  and  the  memoir  now  before  us 
consists  in  the  fact  that  the  former  attempts  to  treat  the  fossils  as 
remains  of  genera  and  species  of  Elasmobranchs,  while  the  latter 
deals  with  them  as  so  many  *^  forms  '*  of  detached  teeth,  which  can 
be  distinguished  and  thus  variously  named. 

Among  features  of  special  interest  relating  to  the  Elasmobranohs, 
may  be  noted  the  occurrence  in  the  Danian  of  typical  examples  of 
Ptychodus  decurrens,  P.  mammillarisy  Noiidamis  microdon,  Oryrhtna 
ManteUij  and  the  so-called  Otodu$  appendiculutus — all  well-known 
Cretaceous  forms.  With  these  are  found  an  undetermined  species 
of  Myliobatis,  and  some  apparently  new  forms  of  Soapanorhynchua, 
Oxyrhina,  Lamna,  and  Scylltum,  besides  a  large  imperfect  tooth  of 
Notidantis  indistinguishable  from  iV.  denintus  of  the  New  Zealand 
Greensand.  An  Odontaspisy  both  from  the  Senonian  and  Danian,  is 
also  identified  with  a  New  Zealand  species  (0.  acuta) ;  but  we 
"Venturis  to  think  that  this  is  the  well-known  European  Danian 
specie*,  O.  Bronni,  to  which  the  author  makes  no  reference.  The 
so-called  Odoniaspis  acutissima  and  0.  faxensis  are  undoubtedly  teeth 
of  SynechodnSf  as  proved  by  the  form  of  the  root ;  and,  as  remarked 
by  the  author  himself,  there  is  much  doubt  about  the  generic  deter- 
mination of  the  beautiful  new  teeth  described  as  Oxyrhina  Lundgreni, 
Though  often  recorded  from  the  Cretaceous,  it  is  still  very  uncertain 
whether  the  typically  Tertiary  species,  Odoniaspis  elegans^  ranges 
so  far  downwards,  and  the  smootli  teeth  assigned  to  this  form  by 
Mr.  Davis  are  far  from  conforming  to  Agassiz'  original  definition  ; 
but  the  occurrence  of  a  tooth  indistinguishable  from  the  so-called 
Olodus  ohliqnuB  in  the  Upper  Senonian  of  Kugaard  is  a  fact  of  great 
interest.  A  portion  of  a  tooth  of  Carchnrodon  from  the  Danian 
of  Faxoe  is  even  identical  in  character  with  the  teeth  of  the  existing 
C.  Rondeleti,  but  this  scarcely  suffices  for  certain  determination. 

Some  Chimoeroid  teeth  from  the  Senonian  appear  to  pertain  to  the 
widely  distributed  species,  first  described  from  Switzerland  as 
hchyodus  Thurmanni  and  afterwards  re-described  in  Britain  under 
the  name  of  Isehyodus  brevirostns.  Edaphodoriy  however,  remains 
unknown,  and  there  are  no  traces  of  Elasmodus. 

Of  Pycnodonts,  there  occur  only  teeth  which  are  referred  with 
much  probability  to  Coelodus  snbclavntus ;  and  of  Teleosteans  there  is 
only  evidence  of  about  six  genera.  Of  the  latter,  the  finest  specimens 
pertain  to  Hoplopteryx  and  to  a  new  deep-bodied  physoclystous  fish, 
which  receives  the  name  of  Bathysoma  Lutlceni,  Berycopsis  and 
Ikrcetis  also  seem  to  be  represented  ;  another  fossil  is  provisionally 
named  Clupea  Lundgreni  ;  and  some  specifically  indeterminable 
teeth  of  Enchodus  are  recorded.  With  regard  to  Enchodus  we  would 
remark  tliat  the  author  does  not  seem  to  have  studied  the  most  recent 
discoveries,  and  thus  assigns  the  genus  still  to  the  family  Trichiuridaa. 
Here  is  also  placed  Bathysoma,  though  a  critic  noting  the  fact  will 
perhaps  be  answered  again  in  the  words  of  the  foot-note  on  p.  369, 
that  the  arrangement  is  due  to  "  the  omission  of  a  line."  Bathysoma, 
indeed,  is  one  of  the  most  remarkable  Cretaceous  fishes  hitherto 
discovered,  and  we  only  regret  that  a  more  satisfactory  determination 
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III. — Dr.  E.  Fabhini  on 
Mach^rodus  (Meganthereon)  delVa 

DEL     DOTT.     EmILIO     FaBRIKI.         (£ 

No8.  3-6,  pp.  43,  pis.  3.) 

THE  present  Memoir  is  another  of  th( 
the  extinct  Mammalian  fauna  of  1 
already  been  made  in  our  issue  of  last  m 
The  author  describes  in  full  detail,  ' 
all  the  more  important  remains  of  Sabre-t 
from  the  Pliocene   of  the  Yal  d'Amo 
Museums.     He  concludes  that    two    sp 
confused  together  under  the  name  of  M. 
the  upper  canine  teeth  of  the  male  are  L 
no  serrations  on  their  trenchant  edges ;  a 
smaller  skulls  and  jaws  which  have  beei 
a  distinct  species — M,  meganthereon — are 
of  M,  cultridens,     A  second  new  species 
is  distinguished  by  the  shorter  and  wider 
in  which  both  the  front  and  hind  edges 
accordance  with  the  contour  of  the  canin 
of  the   lower  jaw,   against   which   they 
unusual.     It  is  considered  that  the  low< 
Forest-bed,  described  by  the  late  Mr.  Ba 
Society's  Journal,  is  referable  to  this  fbi 
is  added  to  the  British  Fauna. 

A  second   new  species,  whioh  it  is  i 
nestianuSt   is    characterized    bv   ♦*»/*    - 
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memoir.  The  'vagetable  nature  of  tbe  foBsil  ooold  not  possibly  be 
disputed  by  any  one  who  examines  the  descriptions  and  figures  in  the 
text  with  the  aooompanying  plate ;  or  who,  like  the  writer  of  this 
notioe,  has  had  the  privilege  of  seeing  sections  of  the  "  bones  "  under 
the  microscope.  The  two  fragments  examined  by  Dr.  Hovelaoqne, 
Tiz.  the  so-called  ipime  dermique  and  mdehoire,  he  shows  to  belong  to 
two  different  families  of  plants,  and  they  now  receive  the  names  of 
Aaekenoxylou  and  Nieolia  Moresneti  respectively.  G.  F.  H. 

y.— La  Faunx  Tkbtiairv  Marinb  dv  Cabbt,  db  Sausset  et  db 

COURONNX     (PB±8    MaBSBILLE).        FaOIES    DBS    £tAOB8    TEBTIABB 

DAMS  LA  Basse- Pbovbnob.     Par  M.  Paul  Gtoubbet.  (Mem.  Soc. 
Beige  de  Geol,  iv.  (1890)  pp.  73-143,  with  four  plates.) 

THE  author  commences  by  giving  a  general  outline  of  the  Tertiary 
beds  of  Basse- Provence,  showing  that  the  Eocene,  Oligocene, 
Miocene  and  Pliocene  are  each  represented  in  that  district.  In  this 
memoir  he  gives  a  few  paladontological  details  fixing  the  horizons  of 
the  several  beds  and  roughly  correlating  them  with  the  Tertiary 
itrata  of  adjacent  areas. 

The  second  part  enumerates  the  species  found  at  the  three  places 
mentioned  in  the  title  of  the  memoir,  and  under  the  heading  of  each 
of  these  species  are  placed  the  names  (where  necessary)  of  what  the 
author  considers  to  be  synonyms,  together  with  a  brief  account  of  its 
geologic  and  geographic  distribution,  with  occasional  critical  remarks. 
This  is  the  most  important  section  of  the  paper,  and  it  is  put  forward 
IB  a  revision  of  the  whole  fauna  and  as  the  result  of  much  careful 
research.  In  all,  301  species  of  fossils  are  recorded,  which  are 
distributed  as  follows:  —  Pisces  8,  Crustacea  5,  Mollusca  247, 
(Gasteropoda  167,  Pelecypoda  90),  Polyzoa  6,  Brachiopoda  3, 
Echinodermata  13,  Coelenterata  19.  The  Fish  belong  to  the  genera 
Lamna,  Ifyliobates,  Oxyrhina  and  Spharodtu  (aic)  ;  whilst  the 
Crustacea  are  mainly  Balani,  The  Mollusca  naturally  claim  a 
large  share  of  attention,  and  it  may  be  remarked  that  in  dealing 
with  them,  the  author  does  not  adhere  to  certain  well-known  and 
generally  accepted  rules  of  nomenclature,  which  is  much  to  be 
regretted.  For  example,  when  the  generic  appellation  of  a  species 
is  changed,  he  inserts  the  name  of  the  individual  who  made  the 
alteration  after  the  specific,  instead  of  that  of  the  original  describer 
of  the  species.  I1ie  science  of  Malacology  has  made  great  strides 
during  the  past  ten  years,  but  this  fact  has  not  been  sufficiently 
recognized  in  the  memoir  now  under  review.  It  would  be  tedious 
to  point  out  all  the  shortcomings  in  this  respect,  but  we  may 
mention  Pyrula  meUmgena,  Bast.,  which  should  be  Mflongena 
eomuta,  Ag.  ;  Pyrula  btdhus,  Desh.  =  Sycnm  bulbw,  Sol. ;  Buccinum 
haccatum.  Bast.  =  Cyllenina  baccata.  Bast. ;  Buccinum  reticidatnm, 
Linn.  =  i^as«a  reticulata,  Linn.;  Valuta  rarispina,  Lara.  =  Fo/ii- 
tiliiheB  rar i«ptntt«,  Lara. ;  Ancillaria=zAncilla;  Chenopua^Aporrhais, 
Again,  no  attempt  is  made  to  classify  the  larger  groups  —  the 
heterogeneous  assemblage  of  forms  which  were  included  under  such 


,oiy  caretul  revision  before  it  can  be  c 
systematist. 

The   third   section  gives  the  distribu 
found,  showing  their  vertical   and  hori 
unquestionably   the  most   useful  portioi 
plates,  which  are  beautifully  executed,  re- 
Mollusca  and  depict  five  new  species  whii 


VI.  — Catalogue  op  Minerals   for  Sai 
AND  Co.   8vo.   Philadelphia  and  New  ^ 

THIS  book  is  DO  mere  dealer's  catalog 
amount   of  useful   information,  cone 
reference.   A  brief  resume  of  the  more  rea 
given,  followed  by  a  classification  and  lit 
arranged  according  to  their  chemical  com 
crystallographic  system  and  the  general  foi 
the  whole  is  rendered  more  complete  by  a 
the  volume.     Several  figures  are  given,  inc 
of  Beryllonite  from  Stoneham,  Maine. 
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L— December  17,  1890.— W.  H.  Hudles 
President,  in  the  Chair. — The  following  coi 

1.  **  On  Nepbeline  Rocks  in  Brazil. — II. 
0.  A.  Derby,  Esq.,  F.G.S. 
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The  prodominant  rook  is  a  ooarse- grained  foyaite  which  ii  found 
everywhera  in  loose  blooks  about  the  mar^us  of  the  mau,  but  not 
extt-nding  beyond  it.  In  the  numerons  outtings  in  the  immediate 
Ticinilj.  dykeB  of  phonolite  and  baaio  eruptivea  (angitite)  are  ex- 
ceedingly abundant,  foyaite  never  appearing  in  a  dyke  form.  There 
it,  however,  abundant  evidence  that  foyaite  and  phonolite  are  but 
different  phases  of  the  aame  magma. 

Aside  from  the  dyke  phonolites,  trae  efiiitive  phonolite*  asBociated 
vith  fra^pnental  eruptivea  (tuffn)  were  found  higli  ap  in  the  orater- 
like  valley,  proving  that  the  mass  was  a  voloanio  oentre  in  the  most 
TMtrieted  sense  of  the  word. 

This  oonclusion  affords  an  explanation  of  some  of  the  peculiarities 
of  the  foyaite,  which  has  many  chnraoteristioe  of  effueive  eruptivea 
ninfrled  with  those  of  tlie  deep-8eat«d  ones  {TtifeiigealfiM).  Tliene 
have,  aside  from  the  porphyritic  structure,  a  teldieren  stmotnra 
revealed  by  a  peculiar  fluted  weathering  (illustrated  by  a  photograph) 
tad  the  presence  of  psemlo-cryatais  in  the  form  of  leucite. 

Scatigntpbically  the  Tingua  foyaitea  lie  in  eheet-like  masses  like 
Itva-flows,  extending  from  the  higher  to  the  lower  portions  of  the 
moimtain,  the  underlying  gneiss  being  revealed  at  nearly  all  levels, 
wherever  the  maas  has  been  aoored  by  streams.  The  genernl  fmg- 
mentary  character  of  the  rook  seems  to  be  due  to  the  undermining  of 
these  sheets. 

S)>ecimenB  and  photographs  illustrating  the  peculiar  pseudo- 
ciytitals  in  the  form  of  leucite  that  occur  in  both  the  foyaitea  and 
plionolites  of  Tingna  (although  no  leucite  has  been  detected  in  the 
lock)  were  exhibited  and  discussed. 

2.  "  The  Voriolitic  Diabase  of  the  Fichtelgebiree."  By  J.  Walter 
Gregory,  F.G.S.,  of  the  British  Museum  (Natural  History). 

I1ie  author  bos  examined  the  variolitic  diabases  in  the  neighbour- 
hond  of  Berneck,  and  adduces  evidenco  of  their  having  been  intruded 
into  the  Devonian  rocka  before  the  latter  were  affected  by  the  great 
ewth-movements  which  have  folded  the  Palteozoic  rooks  of  the 
district.  Hfi  finris  lliot  the  variolitic  structure  occurs  in  two  different 
arrarigetncnts  :  (n)  on  thu  surfaces  of  spheroidn!  mnsses  of  compact 
diabase,  which  are  comparable  with  those  of  Mt.  Gen^vre;  (b)  ns  a 
true  con  tact- prod  net  on  the  selvnge  of  the  diabase,  the  latter  being 
omparatively  rare,  and  the  variules  lees  perfectly  developed. 

He  givee  proofs  that  the  varioles  are  true  epherulites.  and  not 
fragments  of  Devonian  rocks,  as  supposed  by  von  Giimbel.  He 
argues  that  though  they  are  the  product  of  rapid  cooling,  too  sudden 
a  liolidification  of  the  diabase  may  prevent  their  formation,  and  that 
for  a  similar  reason  the  amygdaloidal  is  less  variolilic  than  the 
compact  diabase,  the  loss  of  the  water  that  occupied  the  vesicles 
bsving  diminished  the  fluidity  of  the  rock.  Finally,  he  maintains 
tliat  the  "  psendo-crj-stallilea  "  are  rifts  and  fissures  due  to  contrac- 
tion, and  that  the  remarkable  optionl  proiieities  described  by  Michel- 
Levy  are  due  to  thefilling-up  of  cracks  by  fel  spat  hie  matter  deposited 
io  opticul  continuity  with  the  crystalline  fibres  ou  each  side. 


^-   X  triiiar  lor  and  that  of  High  Sharj^ 
pvroclastics,  being  much  influenced  by  th 
for  the  *'  porphyroids  "  of  the  Ardennes, 
had  vlBited  this  region,  and  was  then  con 
which  closely  resembled  the  rock  at  Sha 
had  been  rendered  schistose  by  sabsequei 
their  subsequent  work  in  Cbamwood  has 
the  rocks  of  Sharpley  and  of  Peldar  Tor 
origin  and  history.     The  mass  of  Bardoi 
have  been  much  enlarged,  has  also  been  s 
the  section  formerly  published  have  been 
bands,  on  which  the  authors  relied  as  ma 
graphical  purposes,  prove  to  be  zones  oi 
occurrence  of  a  rock  exactly  resembling  tl 
established.     It  is  extremely  difficult  to  de 
of  the  rocks  which  are  chiefly  worked  in 
remain  of  opinion  that  for  most  of  them  a 
more  probable. 

Some  notes  are  added  upon  the  relatioi 
igneous  and  the  sedimentary  rocks  of  the 
brook  group,  and  upon  the  fragments  and  ] 
coarser  ashy  deposits.  Some  remarks  arc 
phenomena  exhibited  in  the  Forest-region 
cannot  have  been  overridden  by  a  great  r 
does  not  afford  the  usual  signs  of  the  action 
same  time  it  has  been  a  centre  of  disperse 
towards  the  south  and  south-west,  these  beii 
than  twenty  miles  away.  Hence,  in  the  o| 
erratics  have  been  distriK^'*--^   • 
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itnictarM  in  this  and  many  other  instanoes  led  him  to  infer 
that  thej  generally  indicated  that  the  rook,  at  a  late  stage,  had 
consisted  of  a  mixtore  of  previously  formed  crystalline  grains 
and  a  viscous  magma,  that  the  temperature  of  the  mass  has  heen 
comparatively  low,  that  it  had  cooled  rather  gradually,  and  that  the 
condition  of  the  magma — i.e.  one  of  very  imperfect  fluidity — had 
not  permitted  of  free  molecular  movements  among  its  constituents. 
Thus  this  stmoture,  together  with  certain  others  mentioned,  might 
be  regarded  as  indicative  of  "  crystallization  under  constraint" 

3.  '*0n  the  Uuoonformities  between  the  Rock-Systems  under- 
lying the  Cambrian  Quartzite  in  Shropshire."  By  Ch^urles  Callaway, 
D.So.,  F.O.S. 

L  Review  of  ike  Mndeneefor  the  reepeetive  Ages  of  the  Urieontan 

and  Mahemian  Bocke. 

The  author  criticizes  the  conclusions  arrived  at  by  Prof.  Blake 
(Q.J.G.S.  1890,  p.  386),  and  adduces  evidence  to  show  : — 

(1)  That  the  felsites  regarded  by  himself  as  ArohsBan  have  not 
been  shown  to  be  intrusive  in  Longtuynd  Rocks. 

(2)  That  it  has  not  been  proved  that  the  Longmynd  Series  is 
divisible  into  two  groups,  separated  by  an  unconformity ;  and  that, 
therefore,  the  evidence  from  included  fragments  remains  unaffected. 

(3)  That  the  conglomerates  and  grits  associated  with  the  Uri- 
conian  are  an  integral  part  of  that  system,  and  are  not  of  Cambrian 
age;  and  that  the  granitic  and  metamorphio  land-masses  from 
which  so  many  of  the  fragments  in  the  conglomerates  are  derived 
are  consequently  of  pre-Driconian  age. 

(4)  That  the  granitic  rocks  of  Shropshire  are  not  intrusive  in  the 
Urioonian. 

II.  The  Relation  between  the  Urieonian  and  the  Longmyndian. 

Pending  the  publication  of  Prof.  Lapworth's  researches  upon  the 
fauna  of  the  Holly  bush  Sandstone,  the  author  regards  it  as  hardly 
wise  to  assign  positively  a  pre-Cambrian  age  to  the  Longmyndian 
system. 

In  favour  of  an  actual  break  between  the  Urieonian  and  Long- 
myndian rocks,  he  gives  details  showing  the  general  discordance  of 
strike  between  the  two  groups ;  the  locally  concordant  strikes  are 
Been  along  a  line  of  fault.  Furthermore,  as  the  junction  between 
the  two  groups  is  faulted,  this,  whilst  of  course  not  proving  an 
unconformity,  renders  incredible  the  hypothesis  of  conformity  and 
igneous  intrusion  along  the  line  of  junction.  Again,  the  conditions 
of  deposit  were  different :  the  Urieonian  is  essentially  a  volcanic 
furmation,  whilst  the  Longmyndian  rocks  are  characterized  by  their 
even  sedimentation,  and  the  author  maintains  that  such  a  change  of 
conditions  must  indicate  a  break  in  time,  though  the  unconformity 
need  not  necessarily  be  very  great. 

Lastly,  the  occurrence  of  fragments  of  Malvemian  granites  and 
schists  (formed  at  great  depths)  in  the  Urieonian  Conglomerates 
iDdicates  the  existence  of  an  unconformity  between  the  holocrybtal- 
line  and  volcanic  systems. 


u*vu  Species  of  Criuoids.  the  review 

without  his  having  seen  a  single  one  of 

that   these    stems   in    consequence   of 

belonged  to  Crinoids.     One  of  the  eap] 

ments  of  stems  45  mm.  in  length  by  1 

show   the  starting-points  where   strong 

far  as  known  cirrhi  have  not  been  fouo 

and  expanded  rootlets  of  Crinoids  are  al 

he  added,  that  all  known  Cjstidea  from 

the  exception  of  Caryoerinus  efr  omatus, 

According  to  Angelin  the  genera  Sphcerom 

are  sessile,  having  the  basis  of  the  perison 

foreign  bodies  without  the  mediation  of  a 

specimens  observed  by  me  of  Spharanis  oi 

ip.f  either  show  the  surface  by  which   th 

even  yet  affixed  to  Bryozoans  or  other  ma 

Caryocystis  I  have  seen  only  a  single  spe4 

show  the  basis  of  the  perisome  clearly. 

numerically  by  far  the  most  predominant  i 

why  I  have,  with  full  intention,  referred  th 

Stockholm, 

16M  January ^  1891. 

THE  DENUDATION  AND  ELEVATION 
Sir, — In  the  December  Number  of  the 
Dr.  Irving  states  that  in  my  sketch  in 
I  reproduced  partly  some  arguments  wl 
Geological  Society  in  June  (May  21  st,  1^ 
the  September  Number  of  the  GEOT/^r.»-- 
Dr.  Irvincr  fr^-  --   -• 
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I  do  not  lay  olaim  to  any  great  originality  for  my  little  aketoh, 
but,  in  fact,  I  did  not  derive  my  ideas  from  Dr.  Irving's  paper. 

3,  Pump  Coubt,  Tbmplb,  E.G.  HoRACK  W.  MoMOKTON. 


BKPLY  TO  MB.  A.  SOMERVAIL. 


Sib, — I  owe  an  apology  to  Mr.  Somervail  for  plucking  a  leaf 
from  biB  coronet  of  lanrels.  It  is  tbe  simple  tnitb  tbat  the  paper 
which  he  cites  had  not  in  any  way  impressed  itself  on  my  mind, 
And  thus  (as  the  index  for  the  last  volume  was  not  then  published) 
escaped  recollection.  While  making  this  atonement,  I  will  take 
the  opportunity  of  ez])laining  to  him  why  I  use  that  plainness  of 
speech  to  which  he  evidently  ohjects.  If  he  is  right  in  his  principal 
hypothesis  about  the  rocks  of  the  Lizard,  I  am  so  hopelessly  wrong 
that  I  must  begin  my  petrological  studies  de  novo.  The  one  or  the 
other  of  us,  so  to  say,  is  ignorant  of  the  very  grammar  of  the 
language.  Now,  as  it  happens,  I  have  given,  for  nearly  twenty 
years,  more  attention  to  petrology  than  to  any  other  brsnch  of 
geology ;  twice  or  thrice  every  year  I  have  visited  districts  which 
were  known  to  be  instructive,  making  often  long  journeys  in  order 
to  study  some  critical  question.  I  have  examined  many  of  the 
most  interesting  localities  on  the  Continent  of  Europe,  a  few  also 
in  Canada.  I  have  formed  a  very  large  collection  of  rock  specimens 
and  microscopic  slides,  to  the  study  of  which  I  have  devoted  such 
leisure  as  I  can  command.  Now  in  Mr.  Somervail's  writings  no 
evidence  appears  of  either  wide  experience  or  knowledge  of  the 
microscope,  both  of  which  are  necessary  for  theorizing  on  difficult 
problems  in  petrology ;  indeed,  of  the  latter,  not  so  long  since,  he 
admitted  his  ignorance.  Of  course  I  know  that  many  of  these 
pn)blems  are  yet  unsolved ;  I  make  no  claim  to  infallibility;  I  am 
well  aware  that  notwithstanding  all  my  pains  I  have  not  escaped 
the  fate  of  workers  in  a  progressive  science,  and  have  to  modify  or 
even  abandon  conclusions  which  at  one  time  seemed  most  accordant 
with  facts,  but  some  of  Mr.  Somervail's  hypotheses  appear  to  me 
irreconcilable  with  facts  and  inductions  which,  not  only  I,  but  also 
petrologists  of  greater  repute,  accept  almost  as  axioms.  To  me  he 
appears  to  occupy  the  position  in  which  1  should  have  placed  myself 
bad  I  signalized  my  entrance  in  the  "fifth  form"  at  school  by 
publishing  "  adversaria  "  on  a  trilogy  of  iBscbylus. 

T.  G.  BONNKY. 


DYNAMO-METAMORPHISM. 

Sir, — M.  Spring's  valuable  experiments  have  had  a  very  stimulat- 
ing effect  on  many  minds;  so  much  so  that  his  experiments  are 
sometimes  quoted  in  proof  of  positions  very  much  in  advance  of 
those  taken  by  M.  Spring  himself.  Thus  Mr.  Harker  in  his  letter 
on  the  subject  of  dynamo-metamorphism  in  your  last  issue,  aft«r 
remarking  that  "the  practical  verification"  of  **the  direct  correla- 
tion of  mechanical  and  chemical  energy  "  "  rests  on  such  experiments 


*  nave  no  desire  to   iuterpose  in   th 
Barker  and   Dr.  Irving,   but,   without 
that  the  explanation   offered  by  Mr.  K 
in  accord  with  that  offered  by  M.  Spring 

In  the  American  Joum.  Science,  xxxvi. 
remarks  regarding  his  "  researches  on  th^ 
'<  To  my  mind  pressure  was  not  an  acii\ 
only  the  means  to  the  end,  and  I  looked 
alone.  «  .  .  In  another  place  [Bull.  So< 
with  regard  to  chemical  action   prodm 
*  one  must  not  lose  sight  of  the  fleu^t  that 
agent  to  the  same  extent  as  heat  or  eL 
always  thought  that  contiut  was  brougl 
I  have  often,  for  the  sake  of  brevity,  s, 
pressure,'  instead  of  always  saying  weldin 
by  compression.     I  now  see  that  I  was  i 
economise  my  time.     Besides,  as  oonclusi 
to  contact  that  I  assigned  welding  phenc 
and  also  in  part  the  diffusion  of  solids,  then 
it  necessary  to  operate  in  vacuo,  on  acooi 
lirainary  experiments  made  under  the  ordi 
Spring  goes  on  to  explain  that  when  he  di 
presence  of  air  between   the   particles  I 
between  them  and  thus  prevented  chem 
withstanding. 

In  a  previous  communication  to  the  . 
(vol.  XXXV.  1888,  p.  78)  Mr.  Spring  wro 
new  experiments,  still  in  part  unpublishe<l 
the  importance  of  the  nart  fK««.  - 


i-.      Xl-  - 
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FUNNEL-HOLES  ON  LEBANON. 

Sib, — The  nmerons  funnel-holes  upon  the  tops  of  the  Lebanon  and 
Anti-Lebanon  Mountains  afford  striking  examples  of  the  power  of 
solution  and  chemical  disintegration  unsupplemented  by  the  action  of 
torrents.  My  attention  was  directed  to  these  holes  last  spring  by 
Dr.  Wm.  T.  Van  Dyck,  of  Beirut,  who  also  suggested  a  theory  for 
their  formation.  A  summer  journey,  which  took  me  to  the  tops  of 
nearly  all  the  mountains  of  Lebanon  and  Anti-Lebanon  as  well 
as  to  Mount  Hermon  and  the  Anseireh  Mountains,  gave  me  an  un- 
usually good  opportunity  to  observe  these  phenomena  and  enabled 
me  to  Terify  and  somewhat  amplify  the  idea  suggested  by  Dr.  Van 
Dyck. 

The  higher  portions  of  the  mountains  visited  were  from  6000  to 
10,500  feet  above  the  sea-level.  Below  the  level  of  5000  feet  their 
sides  are  worn  by  running  water  into  very  rough  and  precipitous 
gorges.  Our  attention  was  quite  forcibly  called  to  this  feature  by 
the  great  difficulty  of  climbing  among  the  lower  slopes.  Above 
6000  feet  however  the  slopes  become  more  rounded  and  the  surface 
of  the  ground  more  smooth,  until  on  the  broad  summits  of  some  of 
the  highest  mountains  carriages  might  safely  be  driven.  This  is 
markedly  true  of  the  summit  plateau  of  the  most  lofty  of  all,  the 
Duhr-il-Kadib,  sometimes  called  the  Fem-il-Meziib.  The  lower 
slopes  of  the  mountains  in  the  winter  and  early  spring  abound  with 
rushing  torrents,  but  in  the  long  summer  these  portions  are  perfectly 
dry,  except  in  those  rare  and  precious  spots  where  there  are  springs. 
Here,  consequently,  the  forces  of  disintegration  are  active  during  the 
winter  and  spring,  and  most  of  the  detritus  is  washed  away  at  once, 
leaving  the  rocks  rugged  and  bare. 

Diflferent  conditions  are  found  in  the  upper  regions.  The  thawing 
of  the  snow  is  gradual,  so  that  probably  the  larger  portion  of  the 
water,  instead  of  running  off,  sinks  into  the  ground,  which  on  the 
heights  is  composed  of  a  thick  layer  of  more  or  less  finely  com- 
minuted chips  of  stone  over  the  solid  rocks  in  aittL  Even  late  in  the 
summer  we  found  on  the  eastern  side  of  every  favourably  situated 
ridge  or  peak  a  large  mass  of  snow  sheltered  from  the  prevailing 
warm  west  wind,  and  melting  a  little  every  day  from  about  noon 
until  sunset.  At  the  foot  of  every  such  mass  of  snow  was  a  funnel- 
shaped  hole  into  which  trickled  every  afternoon  a  tiny  stream  of 
water.  We  observed  also  many  other  such  holes  from  which  the 
snow  had  gone.  The  diameters  of  these  across  the  top  ranged  from 
a  few  feet  to  one  hundred  yards,  and  the  sides  usually  sloped  at 
angles  of  from  15°  to  40°  straight  to  a  point  at  the  bottom,  making 
inverted  and  irregular,  but  yet  complete  rather  than  truncated  cones. 
The  western  side  was  usually  the  steeper.  I  may  add  that  most  of 
these  holes  occur  in  a  compact  limestone  generally  considered  to 
belong  to  the  Middle  Cretaceous  period,  and  further,  that  the  strata 
can  be  traced  as  almost  perfectly  level  for  miles  along  the  sides  of 
these  summits. 

It  follows  then  that  the  principal  agency  in  the  formation  of  each 


.V,   in^   appendix  in  Prof.  G.  F. 
America."  as  containing  a  review  of  ev 
West  Indies,  cited  in   that  article,  pre 
the  elevation  and  glaciation  of  the  nort 
It  waa  pointed  out  fifteen  years  ago  b 
Dea  11.  Vol.   II.  1875,   pp.   673-^80l 
Isthmus  of  Panama  may  have  been  ai 
causes  of  the  Glacial  period  ;  and  at  about 
by  Dr.  G.  A.  Maaok  of  abundant  Pleistc 
to  the  present  time,"  in  the  vicinity  of  tl 
many  localities  southward  to  the  Atrat 
up  to  at  least  763  feet,  while  the  lowest 
water-shed  are  less  than  300  feet  abovt 
irts  of  this  isthmus  have  been  thus  lat 
ixplorations  for  a  Ship  Canal,  Isthmus 
Navy  Department,  Washington,  1874,  pp. 
Nothing  is  more  surely  determined  than 
period,  as  shown  by  glacial  drift  and  st 
from  the  Atlantic  to  the  Pacific,  and  fron 
Arctic  Sea,  and  upon  north-western  Euro 
to  Germany  and  Central  Russia,  and  nort 
navian  peninsula.     Some  causes  must  ha 
great  climatic  changes  of  this  period.     11: 
have  been  probably  the  great  uplifts  of  th 
Professor  Spencer  has  cited   so  much  e 
poraneous  depression  of  the  region  of  the 
of  Panama,  by  which  a  part  of  the  equal 
sweeps  northward  in  the  Gulf  Stream  w( 
into  the   Pacific  Ocean,  withdro .«.*-- 

from    ♦>»-   V      - 
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PHYSICAL  GEOLOGY  OF  THE  SUB-HIMALAYA. 

Sib,  —  May  I  be  permitted  a  few  remarkB  in  reply  to  Mr. 
Medlicott's  review  of  my  memoir  in  this  Magazine  for  Ootober,  1890  ? 
I  caimot  attempt  to  answer  objections  of  a  theoretical  nature,  or  of 
purely  local  interest  to  os  in  India ;  but  on  one  or  two  points  where 
I  think  Mr.  Medlioott  has  mistaken  my  words  or  my  meaning  I 
would  say  a  word  or  two.  With  regard  to  the  fault  at  Jirinjula  in 
my  horizontal  section  No.  V.,  which  Mr.  Medlioott  says  '*  seems 
QDcalled  for,"  I  must  plead  that  the  fault  is  nevertheless  there,  as 
plainly  visible  in  the  natural  sections  exposed  as  in  my  drawn 
section.  It  is  not  a  fault  inserted  to  meet  a  theoretical  requirement 
The  firm  lines  in  all  my  sections  indicate  facts  (when  not  otherwise 
stated  in  the  text),  whilst  the  dotted  lines  alone  represent  inferential 
conditions  of  the  rocks.  The  large  soale,  four  inches  to  the  mile, 
maps  would  have  fully  satisfied  Mr.  Medlioott  on  this  point  had 
they  been  procurable.  In  speaking  of,  and  representing,  the  main 
boandary,  the  Nahan-Siwalik  boundary,  and  others,  as  faults,  I  hope 
I  have  not  "  ignored  their  primary  and  most  interesting  character  " 
(see  p.  118-123  of  my  memoir).  They  are  certainly  faults  now — 
sometimes  with  miles  of  throw  or  thrust  (see  p.  66) ;  hence  to  lay 
them  down  on  the  map  as  natural  boundaries,  because  they  originally 
grew  out  of  such,  would  be  a  very  grave  error.  It  would  be  akin 
to  representing  the  lie  of  the  beds  as  horizontal,  for  the  reason  that 
they  were  originally  deposited  so.  In  addition  it  must  be  remembered 
that  the  present  faulted  boundaries  are  not  absolutely,  but  only 
approximately,  coincident  with  the  original  limits  of  deposition. 
In  some  cases,  as  at  Jirinjala,  the  original  boundary,  and  the  approxi- 
mately coincident  faulted  boundary,  are  both  present,  and  need  a 
separate  and  distinct  method  of  representation. 

The  diflFerence  between  section  VI.  and  section  IX.  with  regard 
to  the  position  of  the  Nummulitic  and  Tal  beds  on  the  subjacent 
rocks,  is  owing  to  the  thinning  out  of  the  Massive  Limestone,  or  to 
its  previous  erosion.  This  is  plainly  illustrated  in  the  map  accom- 
panying my  paper  on  the  "  Physical  Geology  of  W.  British 
Garhwal "  (Records  G.  S.  of  I.  vol.  xx.  pt  1).  To  state,  as  Mr. 
Medlioott  has  done,  that  my  **  facts  in  favour  of  an  earlier  plication 
of  the  Himalayan  rocks  are  only  quotations  of  wholesale  differences 
of  strikes  in  that  region,"  is  to  simply  misquote  me,  as  the  first 
words  on  page  127  of  my  memoir  will  make  evident. 

In  criticising  Mr.  Mellard  Reade's  theory  of  mountain- formation, 
as  applied  to  the  Himalaya,  I  did  not  impute  blunders  to  Babbage 
and  Herscliel  **  in  the  elements  of  science."  What  I  did  was  to  show 
that  Mr.  Beade's  application  of  the  Babbage- Herschel  theory  in  the 
case  of  great  sedimentation  was  unsound.  Again,  though  the  Babbage- 
Herschel  principle  may  involve  the  idea  of  a  <'  fluid  substratum," 
as  Mr.  Fisher's  theory  does,  the  same  is  not  true  of  Mr.  Reade's 
theory,  with  which  I  was  concerned.  The  latter  expressly  assumes 
the  earth  to  be  solid. 

0.   S.   MiDDLSMISS. 
ABBOTTABADy  Panjab,  I2ih  Dtcimbtr^  18S0. 


'loth  Jan.  IbDO. 


Pbofkssob  Sib  Wabinoton  Smyth's 
sident  of  the  Council  has  appointed  Dr. 
Inspector  of  Mines  under  the  Home  i 
Geological  Survey  of  England  and  Wa 
the  Royal  College  of  Science,  Liondon,  v 
of  Mines  is  incorporated. 

The  Saiga  Antrlope  in  Bbitain. — An 
known  British  Pleistocene  Fauna  has  r 
discovery  of  a  portion  of  the  skull  of 
tartaricGf  Linn,  sp.)  in  the  Thames  Ora^ 
Bichmond.     The  specimen  consists  of  the 
with  both  horn-cores,  and   was   obtainec. 
Orleans  Koad,  Twickenham,  by  Dr.  J.  1 
forwarded  to  the  British  Museum  for  detei 
of  the  discovery   was   recognized  by  Mi 
exhibited  and  described  the  fossil  at  the 
Society  on  November  4th,  1890.     A  goo 
description  in  the  forthcoming  part  of  the  F 
The  occurrence  of  the  Saiga   Antelope  \\ 
Fauna    has   long  been  anticipated,  chari 
animal  being  well  known  from  the  cavern 
but  Dr.  Leeson's  fine  specimen  affords  the 
far  to  the  North-west  of  Europe  as  the 
This  unique  fossil,  we  understand,  will  be 
Free  Library. 
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HENflY   BOWMAN    BRADY, 

LL.D.,  F.R.8.,  F.Q.8.,  F.Z.8.,  F.C.8.,  ETC., 

Was  bom  at  Oateshead,  Newcastle-on-Tyne,  February  23rd,  1835, 
and  died  at  Bouraemouth,  January  10th,  1891.  From  his  father, 
Mr.  Henry  Brady,  who  belonged  to  the  Society  of  Friends,  and  who 
was  a  surgeon  in  extensive  praotice  for  fifty  years,  a  true  lover  of 
nature,  and  accomplished  botanist,  he  inherited  similar  tastes ;  and 
bis  love  of  Natural  History,  carefully  nurtured  at  home  and  at  school, 
strengthened  with  his  years.  His  first  schoolmaster  was  Mr.  Storey, 
an  ardent  naturalist,  and  Mr.  Thos.  Belt,  the  naturalist  of  Nicaragua, 
was  his  school- fellow.  After  an  apprenticeship  to  a  chemist  at 
Leeds,  he  studied  under  Dr.  Thomas  Richardson  (the  late  Professor 
Marreco  being  a  fellow-student)  in  the  laboratory  which  afterwards 
became  the  Chemical  Department  of  the  College  of  Physical  Science. 
After  passing  the  examinations  of  the  Pharmaceutical  Society,  he 
carried  on  the  business  of  manufacturing  and  pharmaceutical  chemist 
in  Moseley  Street,  Newcastle,  from  1855  to  1876,  when  he  was 
SQCoeeded  by  his  friend  Mr.  N.  H.  Martin.  Mr.  Brady  was  Member 
of  the  Council  and  one  of  the  Examiners  of  the  Pharmaceutical 
Society.  He  was  the  originator  of  the  Pharmaceutical  Congress, 
and  its  President  in  1872-3 ;  and  he  contributed  valuable  papers  to 
the  Pharmaceutical  Journal. 

In  his  native  city  he  lectured  on  Botany  at  the  Durham  College ; 
and  he  was  actively  associated  with  the  eminent  naturalists — Alder, 
Albany  and  John  Hancock,  Howse,  Hewitson,  Wailes,  Norman, 
G.  S.  Brady  (his  brother),  Embleton,  and  others ;  and  communicated 
papers,  chiefly  on  recent  Foraminifera,  to  the  Natural  History  Society 
of  Northumberland  and  Durham  and  the  Tyneside  Field -Club. 
Other  pa[>ers  he  contributed  to  the  British  Association,  the  Royal 
Society,  Linnean  Society,  Royal  Microscopical  Society,  the  Annals 
and  Magazine  of  Natural  HiKtory,  the  Geological  Society,  and  the 
Gkological  Magazine.  His  chief  work,  however,  has  been  the 
two  magnificent  quarto  volumes  of  the  "Challenger"  Report  on 
the  Foraminifera  collected  in  1873-6.  He  began  his  labour  of  love 
in  1878,  and  supplied  the  manuscript  for  814  pages  of  text,  and 
superintended  the  115  excellent  plates,  in  1882-4.^  This  most  pains- 
taking and  conscientious  work  is  a  perfect  storehouse  of  facts  and 
philosophic  deductions,  and  is  the  highest  work  on  Foraminifera. 
His  accumulated  knowledge  of  these  organisms  and  their  extensive 
literature, — bis  own  careful  researches  during  voyages  in  many 
parts  of  the  world, —  and  his  friendly  intercommunication  with 
naturalists  throughout  Europe — enriched  this  noble  work  with  very 
much  that  could  not  have  been  expected  from  any  other  naturalist. 

Among  his  researches  Mr.   Brady  frequently  dealt  with  Fossil 
Foraminifera,  and  thereby  did  good  service  to  Geology.     Joining 

^  The  foregoing  has  been  for  the  most  part  derived  from  the  excellent  and  warm- 
liearted obitujiry  in  the  "Newcastle  Daily  Journal  "  for  January  16,  1891. 
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Professor  W.  Eitcben  Parker  and  T.  Rupert  Jones  in  carrying  on 
the  memoirs  on  the  Nomenclatnre  of  Foraminifera,  he  helped  ia 
elucidating  many  Tertiary  species  from  Italy,  treated  of  by  Soldani, 
and  from  the  Paris  and  Vienna  Basins,  described  by  d'Orbigny: 
Ann.  Mag.  Nat.  Hist.  1865-71.  With  Parker  and  Jones  he  also 
produced  a  "  Monograph  on  the  Foraminifera  of  the  Crag,"  Palseonto- 
graphical  Society,  1866  (incomplete)  ;  and  a  Monograph  on  the 
Genus  Polymorphina  (including  fossil  forms).  Trans.  Linn.  See. 
vol.  xzvii.  1870.  With  Dr.  W.  Ji.  Carpenter  he  wrote  the  memoir 
on  Parkeria  and  LoftuBia,  Philos.  Trans.  1869.  The  most  important 
of  his  other  papers  on  Fossil  Foraminifera  are  the  following: — 
Foraminifera  of  the  Lias  of  Somerset,  Proo.  Somers.  Arch.  N.  H. 
Soc.  vol.  xiii.  1867. — Saccammina  Carieri,  Ann.  Mag.  N.  H.  ^larch, 
1871 ;  Archaodiseus  Karreri,  A.  M.  N.  H.  October,  1873 ;  and 
Nummidina  pristina,  A.  M.  N.  H.  March,  1874,  all  from  the 
Mountain-limestone. — Tertiary  and  Carboniferous  Foraminifera  from 
Sumatra,  Qbol.  Mao.  November,  1875. — Fu$ulifue  from  Hassia» 
A.  M.  N.  H.  November,  1876. — A  Miocene  Foraminifer  from  Jamaica, 
Ann.  Malac.  Soc.  Belg.  vol.  xi.  1876. — Chalk  (?)  from  the  New. 
Britain  Islands,  Gkol.  Mag.  December,  1877. — The  so-called 
•*  Soapstone  "  of  Fiji,  Quart.  Joura.  Geol.  Soc.  vol.  xliv.  1888.  Hit 
^lonograph  of  Carboniferous  and  Permian  Foraminifera  (Ffuulina 
excepted),  published  by  the  Palaeontographical  Society,  1876,  is  a 
standard  work  of  very  great  use  to  Palaeontologists.  Gathering 
together  and  revising  all  that  had  been  done  on  the  subject,  and 
giving  careful  descriptions  and  admirable  figures  of  many  forms 
not  previously  known,  this  handsome  Monograph  supplied  a  great 
want,  and  furnished  a  good  standpoint  for  observers  of  Palaeozoic 
Khizopoda. 

Thus,  thanks  to  Mr.  H.  B.  Brady*s  persistent  energy  and  hard 
work,  in  spite  of  poor  health  and  at  times  much  suffering,  students 
and  others  are  provided,  at  several  stages  of  the  geological  scale, 
with  trustworthy  data,  in  fossils  of  low  type  and  small  size,  but  of 
sufficiently  distinct  character,  for  guidance  in  speculating  as  to  the 
depth  and  extent  of  the  old  seas,  relative  abundance  of  life,  and 
evolution  of  organic  forms. 

Such  results  alone  were  deserving  of  great  praise ;  and  it  is  not 
surprising  that,  with  his  other  more  extensive  researches  on  recent 
Foraminifera,  Mr.  Brady  was  welcomed  as  a  Fellow  of  many 
Scientific  Societies,  and  in  1888  honoured  with  a  Degree  from  the 
old  University  of  Aberdeen.  In  the  same  year,  for  the  liberal  and 
personal  aid  given  by  him  to  the  Imperial  Museum  at  Vienna,  and 
his  high  standing  in  his  long-C(mtinued  scientific  pursuits,  a  (xold 
Medal  was  presented  to  him  by  the  Emperor  of  Austria.  He  was 
a  Corresponding  Member  of  the  Imperial  Geological  Institute  at 
Vienna ;  and  Honorary  Member  of  the  Royal  Bohemian  Museum 
at  Prague. 

T.  B.J. 
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L — On  thk   tery  Hegemt  and  Rapid  Elevation  of  the 

Highlands  of  Eastern  Asia. 

Bj  Hbnbt  H.  Howo&th,  Esq.,  M.P.,  etc.,  etc. 

AMONG  tbe  many  interesting  issues  raised  by  the  discovery  of 
Maoimotb  remains  in  large  numbers  along  the  Arctio  borders 
of  Eastern  Asia,  one  has,  I  think,  oeased  to  be  polemical.  So  far  as 
I  know,  there  is  no  serious  student  who  now  contests  the  fact  that 
the  Mammoth  and  his  companions  lived  where  their  remains  are 
foond.  The  rooted  trees  upon  which  they  fed,  and  the  southern 
riTer-shells  ivhich  were  their  contemporaries,  both  of  which  are 
found  with  their  remains  (both  being  incapable  of  migration),  prove 
inoontestably  what  a  score  of  other  arguments  show,  that  the  fauna 
of  North- Eastern  Siberia  in  the  Mammoth  age,  like  its  flora,  must  be 
explained  by  some  other  theory  than  migration.  This  I  have  urged 
in  many  ways  in  ray  work  on  the  Mammoth. 

If  the  arguments  I  have  recently  adduced  in  the  Geological 
Magazine  to  show  that  the  two  great  rivers  of  Western  Siberia 
flowed  southwards  and  not  northwards  in  the  Mammoth  age  be 
80Qnd,  they  give  the  finishing  blow  to  what  has  virtually  ceased 
for  many  other  reasons  to  bo  a  tenable  theory,  namely,  that  the 
Mammoth  carcases  and  the  vast  debris  of  the  animal  world  found 
on  the  mainland  and  on  the  islands  off  the  coast  of  Siberia  are  the 
results  of  river  portage.  Against  this  last  theory  I  have  also  tried 
to  COD  verge  a  large  number  of  arguments,  old  and  new,  in  the  work 
just  cited. 

There  remains  only  one  possible  conclusion,  as  I  said  at  starting, 
namely,  that  the  great  beasts  whose  remains  abound  so  much  in  the 
tundras  east  and  west  of  the  Lower  Lena  on  the  Bear  Islands,  etc., 
lived  where  their  remains  occur,  as  the  Russian  explorers  and  as  our 
most  experienced  writers  agree. 

This  conclusion  necessitates  our  postulating  that  the  area  in  ques- 
tion in  the  time  when  the  Mammoth  lived,  instead  of  being  as  now 
a  bare  tundra  covered  with  snow  for  the  greater  part  of  the  year, 
and  swept  by  icy  winds,  with  a  short  summer  of  little  more  than 
'ix  weeks,  was  sufficiently  temperate  in  climate  to  permit  an  abun- 
(^ant  and  accessible  vegetation  to  exist  all  the  year  round,  not  only  up  to 
t^e  present  border  of  the  Arctic  Sea,  but  right  across  from  Siberia 
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riiia  deiliictive  axiom  is   inductively  proveJ    by   oar 
iinins  of  tbis  anme  Tegetntion  rooted  in  the  very  beils 
iitnoths  lie,  anil  far  beyond  the  present  limit  of  forest 
faat  has  to  be  enjtlBined  in  some  way  by  those  students 
lulato  the  conduct  of  the  ostrich  by  hidiof;  their  heads 
o  baffle  every  prcBsiiig  difficulty,  and  who  recognize 
leses,  however  supported  by  uutbority,  are  in  esHenoa 

are  we  to  (Miplain  a  change  of  climate  so  iiniKirtant 
rable?     What  are  the  conditions  which  impose  such  a 
ipon  North-Eastem  Asia,  and  under  what  hyiMthetical 
lid  we  reasonably  postulate  a  fairly  temperate  climate 
ands.  the  Chukchi  i^ninstila  and  Alaska?    It  seems  lo 
ere  climate  of  Norlh-Eastern  Asia  is  governed  partially 
t  that  area  is  in  close  contact  with  and  bounded  on  llie 
Arctic  Sea,  which  is  a  reservoir  of  cold,  and  partially 
:o  a  greater  extent  by  the  fact  that  it  is  in  close  con- 
hounded  on  the  south  by  the  icy  plateaux  of  Mongolia 
seems  to  me,  further,  tliat  if  we  could  remove  these 
oold,  we  should  at  once  trnnsfurni  the  climate  of  the 
discussing  from  one  of  extreme  Arctfc  severity  to  one 
and  perhaps  even  temperate  character, 
say  a    few  wor-ls  about  the    Polar  Sea.     It   is  an 
generally  held   that  a  coutinental   climate  presents 
jontmets,  and  is  in  effect  more  severe  than  a  maritime 

Henry  S.  Hovoorth — Elevation  of  Eastern  Asia.  99 

This  I  have  urged  before  in  these  pages.  We  must  not,  however, 
exaggerate  this  cause,  and  attribute  it  to  more  than  it  can  explain. 

When  we  inquire  why  the  climate  of  the  valley  of  the  Lower 
Lena,  and  notably  Yakutsk,  should  be  so  exceptionally  severe,  as 
compared  i^ith  almost  every  other  place  on  the  same  parallel  of 
latitude,  we  shall  find  that  it  is  due  not  so  much  to  the  prevalence 
of  excessively  cold  north  winds,  but  to  the  prevalence  of  excessively 
cold  south  winds :  especially  is  this  the  case  in  summer,  when  in 
many  other  areas  on  the  same  parallel  the  south  wind  bnngs  a  balmy 
memory  of  the  tropics  with  it.  Here  it  always  comes  from  the 
sterile  cold  plateau  of  Tibet.  It  then  flows  across  the  Mongolian 
highlands,  and,  after  blowing  over  such  a  wide  space  of  very  elevated 
land,  it  is  not  only  drained  of  its  moisture,  but  is  also  cooled  down  to 
a  low  temperature.  Hence  at  Yakutsk  the  south  wind  is  often 
nearly,  if  not  quite,  as  terrible  a  visitor  as  the  north  wind. 

If  therefore  we  are  to  trace  the  present  severity  of  the  climate  of 
North-Eastern  Asia  to  its  most  potent  and  efficient  cause,  we  must 
trace  it  to  the  existence  of  vast  masses  of  mountain  land  and  high 
plateanz  culminating  in  the  Thian  Shan,  the  Euen  Lun,  and  the 
Himalayas  and  including  the  Altai  range  and  the  great  upland  steppes 
of  the  Pamir  of  Tibet  and  of  Mongolia  proper. 

So  long  as  this  vast  refrigerator  exists  in  Asia,  so  long  does  it  seem 
to  me  must  the  climate  of  North-Eastern  Siberia  remain  a  very  cold 
and  severe  climate,  and  one  incompatible  with  vast  herds  of  herbi- 
vorous animals  finding  suitable  food  in  the  latitude  of  the  Bear 
Islands ;  and  if  we  are  to  find  the  efficient  and  real  cause  of  a  once 
temperate  climate,  where  everything  is  now  so  palpably  the  reverse, 
we  must  inevitably  postulate  the  non-existence  in  the  Mammoth  age 
of  these  great  masses  of  high  land.  I  have  no  hesitation  in  doing 
80.  The  suggestion  was  made  long  ago  as  a  suggestion  merely,  by  a 
much  greater  man  than  myself,  whose  sobriety  of  argument  and  ripe 
judgment  have  been  somewhat  overshadowed  lately  by  more  imagina- 
tive forms  of  scientific  reasoning.  I  mean  Alexander  von  Humboldt. 
Humboldt  argued  that  the  rise  of  the  Ural  and  Altai  Mountains,  and 
with  them  of  enormous  masses  of  the  continent  of  Asia,  must  have 
80  refrigerated  Siberia,  that  its  forests,  which  in  the  halcyon  days  of 
Mammoths  may  have  extended  in  certain  promontories  to  near  the 
Icy  Sea,  had  necessarily  shrunk  back  to  their  present  limits,  and 
left  these  coasts  entirely  to  the  Keindeer  and  its  mosses  (Russia  and 
the  Ural  Mountains,  vol.  ii.  p.  497).  Let  us  now  see  how  this  view 
can  be  supported  inductively. 

The  first  remarkable  fact  to  which  I  would  call  attention  is  one 
that  arrested  notice  long  ago,  namely,  that  in  the  Altai  Mountains, 
which  are  very  lofty  and  otherwise  well  adapted  to  nurse  large 
glaciers,  no  traces  of  the  so-called  Glacial  Age  can  be  found.  No 
Btrirtted  rocks,  no  ancient  boulders.  This  is  assuredly  a  remarkable 
fact.  It  is  attested  by  more  than  one  reputable  witness.  One  of  the 
first  trained  geologists  who  visited  the  Altai  Mountains  was  Pierre  de 
TchihatcheflF,  who  published  a  very  fine  work  on  that  chain  in  1845. 
He  remarked  in  it  on  the  absence  from  the  Altai  as  from  the  Ural 
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erratic  blocks  bo  far  as  his  oliservations  went  {op.  cil. 
In  1871  another  special  work  on  tlie  geology  of  tbe 
blisLet]  at  Leipzig  by  the  faiuoiiH  geologist  Bemhord 

traces  of  a  Glacial  ago,  or  of  such  evidences  of  an  Ice 
Western  Enrope.     He  says  that  General  von  Helmeraen 
ind  any  traces  of  erratic  blocks  of  rounded  rocks  or  of 
ces ;  while  be  himself,  in  epife  of  an  eager  search,  had 
e  to  find  the  sKghteat  evidence  of  anything  of  the  kind 

subonbnate  ranges   and   hills  or   tbe  deeper  valleys, 
iiountains  there  are  from  seven  to  eleven  thousand  feet 
present  a  few  small  glaciers  are  to  be  found  in  the 
part  of  the  range;  and,"  he  adds,  "those  who  would 
■Hence  of  old  glacial  action  in  tbe  Urals  from  the  fact 
aratively  low  altitude  cannot   use  the  same   argument 
other  place  Von  Cotta  remarks  again   on  tbe  fact  that 
e  offers  uo  traces  of  a  former  Glacial  period  or  of  an 
op.  cit.  pp.  Iw  and  107). 

iges  of  the  Urals  and  ihe  Altai  therefore  share  in  this 
ice  of  traces  of  a  so-called  Glacial  age,  an  absence 

marked,  as  Himiholdt  long  ago  pointed  out,  in  the 
iepanite  tbe  two  ranges.     All  (his  is  assuredly  very 
I'hat  a  vasl  congeries  uf  laonnlains  should  have  exisled 
lie  zone  of  the  northern  hemisphere  at  the  lime  when 
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tliis  great  upland  from  India,  or  Bussia,  or  Ohjna,  namely,  in 
Toaohing  for  the  absenoe  of  those  most  easily  distinguished  and 
moet  palpable  proofs  of  wide  glaciation  which  we  i;aeet  with  in 
Western  £arope  and  in  Eastern  America.  .«.  . 

The  Boasian  traToller  Severtzo£f  has  described  the  existing  glaciers 
of  the  Thian  Shan,  some  of  them  still  of  enormous- size,  some 
shrinking  and  recently  shrunk,  in  consequence  doubtless  .of  the 
gradual  desicoation  of  the  surrounding  lowlands  and  consequent 
diminution  of  moisture.  "  .•.  . 

When  he  turns  to  a  former  development  of  glaciers,  which  ou^^l 
assaredly  to  have  left  enormous  traces  in  this  the  veiy  focus  of 
modem  glacier  action,  at  a  time  when  Central  Asia,  instead  of  being 
a  dried-up  waste,  was  occupied  by  a  vast  sheet  of  water,  and  when 
the  conditions  for  the  growth  of  glaciers  were  so  favourable,  what 
does  Severtzoff  say  ?  I  will  copy  his  account,  as  communicated  by 
Erapotkin  to  Beclu's  great  geographical  work. 

"  Evidently  the  Thian  Shan,''  he  says,  ''  has  preserved  its  primi- 
tive aspect  better  than  the  Alps.     It  has  been  less  carved  out  by 
rain,  snow,  and  glaciers.     While  the  neves  and  rivers  of  ice  in  the 
Alps  once  covered  the  plains  and  lowlands  surrounding  that  range 
to  a  height  of  200  metres,  the  glaciers  of  the  Celestial  mountains  do 
not  appear  to  have  descended  into  the  lower  valleys,  and  a  vigorous 
vegetation  occupied  the  flanks  of  the  mountains  to  a  height  of  ToO 
metres  above  the  level  of  the  waters  which  bathed  their  feet.    There 
has,  in  consequence,  resulted  a  very  different  law  of  vegetable  distri- 
bution. While  the  Alpine  region  has  been  itself  colonized  by  species 
of  plants  growing  in   the  forest  outside   it  during   the   intensity 
of  the  ice,   the  zone  of  the  Lower  Thian   Shan  was  the  mother 
country  whence  species  spread  in  one  direction  towards  the  higher 
summits,    and    in    the    other    towards    the    dried-up    plains."  — 
(Severtzoff   quoted   by  Beclus,   Nouvelle  Geographie   Universelle, 
vol.  vi.  pp.  359-360.) 

It  would  not  be  easy  to  adduce  stronger  evidence  than  this  that 
on  the  great  ramparts  of  mountains  which  form  the  northern  frontier 
of  the  great  Asiatic  plateau  there  is  not  only  an  absence  of  traces  of 
former  great  glacial  development,  but  positive  proof  that  no  such 
conditions  could  have  then  existed. 

If  we  turn  to  the  other  extremity  of  this  great  plateau  girdled 
with  mountains,  namely,  to  Corea,  we  find  the  same  story.  Dr. 
Gottsche,  in  his  memoir  entitled  Geologische  Skizze  von  Korea, 
published  in  the  36th  volume  of  the  Proceedings  of  the  Berlin 
Academy,  says  emphatically,  "Glacial  phenomena  do  not  exist  in 
Corea,"  and  he  quotes  Kichthofen's  China,  vol.  ii.  p.  Ill,  as  witnessing 
to  the  absence  of  similar  phenomena  from  Liautung.  Both  Corea  and 
Liautung  are  mountainous  countries,  and  the  former  very  much  so. 

If  we  now  turn  to  the  great  southern  buttresses  of  the  Asiatic 
plateau,  namely,  the  Himalayas,  we  shall  find  a  repetition  of  what 
Severtzoff  reports  in  regard  to  the  Thian  Shan  range,  namely,  a 
large  number  of  glaciers  showing  signs  of  shrinkage,  of  which  Mr. 
Lydekker  has  given  a  very  interesting  conspectus.     No  doubt  there 


..  imi  18  tne  tesiiin 

ir>e  Subject?     There  lias  no  doubt  bee 
wViters,  sncli  as  Theobald,  Wynne,  Lyd 
f(3ined ;   but  this  has  been  rather  abo 
.'modem  glaciers  have  shrunk:   all  adi 
.  \    '    higher  valleys,  but  I  know  of  no  In 
Theobald,  who  has  contended   for  sig 
as  we  find  in  the  much  smaller  Europt 
Dovrefelds.     I  would   add   that  Stracl 
Encyclopaedia  Britannica  a  very  useful 
parative  size  of  the  Alps  and  the  great 
a  very  useful  measure  of  the  kind  of 
ought  to  meet  in  Eastern  Asia.    To  re 
general  concurrence  among  observers  tl 
Himalayas  are  on  quite  a  small  scale  eomp 
Thus,  Mr.  J.  F.Campbell  writes  :  "The  E 
about  200  miles  wide  between  the  uppi 
plains  of  India  ....  I  looked  at  every 
about  the  foot  hills,  expecting  to  find  some 
every  hill  top,  expecting  to  find  some  rei 
between  the  river  gorges.  ...  I  stayed  at 
found  no  sign  of  glacial  action  of  any  kit 
All  the  ridges  which  divide  streams  are  shi 
of  a  house.     All  the  furrows  are  deep 
gutters,  like  the  gutter  between  two  ste* 
cover  one  rounded  hill  or  hollow,  one  '  t 
Simla,  or  from  places  near  it  to  which 
highest  ground  visible  is  a  jagged  sierra  of 
among  which  are  the  glaciers"  (Quart 
pp.  109-110^.      "^-'^ 
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sand,  pebbles,  and  abundance  of  large,  smooth,  egg-shaped,  rolled 

stones  of  ooDsiderable  size.    "  I  could  not  find,"  says  Mr.  Campbell, 

"one  stone  with  scratches  on  it  or  with  flat  sides,  or  one  angular 

erratic  near  the  canal.    I  could  find  nothing  glacial  about  the  end 

of  the  Oangea  basin.     I  could  hear  of  nothing  glacial  from  the 

sorveyors  with  whom  I  conversed  at  Dehra.    I  had  photographs  of 

glaciers,  and   of  glens  near  them,  about  the  headwaters  of  the 

Ganges  and  the  Sutlej.     In  them  I  could  see  nothing  to  suggest  the 

former  action  of  large  glaciers  like  those  which  have  left  their  spoor 

in  the  Alps,  in  Scandinavia,  in  Scotland,  and  in  Ireland.    In  some 

few  pictures  only  I  could  trace  marks  which  seem  to  indicate  a 

former  extension  of  glaciers  which  exist.    Captain  Senior,  who  made 

the  pictures,  said  that  old  glacier-marks  extend  only  a  few  mile»from 

the  tee  in  this  region.    The  surveyors  who  mapped  the  ground  con* 

finned  what  I  saw  and  heard.     The  Ganges  glaciers  and  others  in 

this  region  hang  about  Ihe  steep  broken  edg^s  of  great  deep  basins ; 

and  there  is  nothing  to  show  that  glaciers  ever  filled  these  basins,  as 

European  hollows  were  filled  of  old.     Opposite  to  the  Ganges  there 

are  no  signs  of  that  Glacial  period  to  which  European  ice- marks  are 

usaally  attributed."    Again,  "  I  crossed  the  Jumna,  the  Sutlej,  and 

the  Bias,  about    fifty  miles   from   the   hills.     I  saw  no  glaciated 

stones  in  the  plains  or  near  the  banks  of  these  three  great  rivers,  all 

three  rising  among  glaciers.     There  is  nothing  at  the  foot  of  the 

Himalayas  here  comparable   to  the  glacial  debris  of  Lombardy  or 

the  erratics  of  the  American  plains  "  {id.  p.  114).  •*  The  Ravee  (within 

sight  of  the  Kashmir  hills)   rises   among  glaciers  ;    but  there   is 

nothing  like  glacial  work  opposite  to  this  great  river-basin  in  the 

plains.     In  the  Kangra  valley  there  was  no  sign  of  a  great  glacier 

passing  along  the  base  of  the  Sutlej  valley  from  east  to  west     Such 

a  glacier,  if  it  ever  existed,  must  have  left  a  conspicuous  mark.     So 

far  as  I  have  been  able  to  learn  from  surveyors,  geologists,  travellers, 

photographers,  and  photographs,  there  are  no  marks  of  a  big  glacier 

in  the  Sutlej  valley  so  far  as  it  has  been  explored,  but  existing 

glaciers  are  close  at  hand"  {id.  p.  115). 

In  regard  to  the  famous  deposit  of  rounded  stones  in  this  valley, 
about  which  so  much  has  been  written  and  said,  the  same  €U3ute  and 
experienced  observer  writes  that  "  at  first  sight  these  stones  by  their 
great  size  suggested  glacial  action.  They  have  been  described  as 
erratics,  and  the  deposits  in  which  they  occur  as  '  moraines '  of  the 
Glacial  period.  I  therefore  sought  carefully,  but  I  could  find  none 
of  the  known  marks.  The  Kangra  big  stones  are  all  smoothed, 
dinted,  and  rounded ;  the  biggest  are  next  to  the  range.  The  size 
decreases  as  the  distance  increases,  and  the  slopes  grow  less.  They 
are  not  arranged  like  moraines  at  Turin  or  elsewhere,  but  spread 
like  stufif  of  the  same  kind  at  the  foot  of  the  Pike's  Peak  in  America, 
and  at  the  end  of  the  Dariel  Pass  in  the  Northern  Caucasus.  The 
deltas  to  which  these  trains  of  big  stones  belong  all  spread  like  fans 
from  the  jaws  of  deep,  steep  ravines  near  high,  steep  hills,  and  they 

are  all  washed  and  rolled  by  floods  of  water " 

At  Dhada,  a  rest-house  at  the  foot  of  the  high  range,  ''a  gravel- 


nimalayas  present  us  with  no  evitlence 
exist  there,  and  may  have  been  larger, 
navian  and  Alpine  ice  has  shrunk  by 
Himalayan  glaciers  have  left  no  mark  ^ 
as  reasonable  to  account  for  the  leng 
period,  as  to  summon  that  cause  to  a 
Indian  ice  of  which  I  was  able  to  ob 
surveyors,  geologists  and  papers,  phot( 
and  travellers"  {id.  p.  118). 

{To  be  etmtinued  in  our  nejt 


ii. — notss  on  80mk  fish-rrmains  from 
Upper  Cretaceous  of  Belgium,  C 

HOUZBAU   DB    LeHAIB. 

By  Arthur  Smith  Woodward, 
(PLAIE  III.  Fios.  1 

SOME  time  ago  the  writer  was  favourec 
de  Lehaie  with  the  opportunity  of  i 
lection  of  teeth  and  other  remains  of  fi 
Eocene,  near  Brussels,  and  the  "  Craie  b 
near  Mons.  Monsieur  Houzeau  has  ge 
series  of  these  fossils  to  the  British  M 
notes  are  based  upon  the  collection. 

I.  The  Fish- fauna  of  the  Bru 

Like  the  contemporaneous  Bracklesh 
Bruxellian  Sands  of  Woluwe  St  Lamber 
very  fragmentary  remwi*^"  -*'  '^ 
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Several  of  the  original  determinations  of  the  fossils  were  based  upon 
insufficient  comparisons,  and  have  subsequently  proved  erroneous ; 
and  the  examination  of  M.  Houzeau*s  collection  now  enables  the 
present  writer  to  confirm  and  extend  the  revision  commenced  by 
reoent  authors. 

ELASMOBRANCHIL 

Cestracion  Duponti,  Winkler.     PL  III.  Fig.  1. 

1876.  Cestraeum  Duponti,  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  vol.  iv.  p.  17, 

pi.  ii.  figs.  1-3. . 

Some  anterior  prehensile  teeth  of  Cestracion  have  already  been 
described  and  named  (7.  Duponti  by  Dr. Winkler ;  and  it  is  interesting 
to  find  in  M.  Hoazeaa*s  collection  one  of  the  crushing  teeth  so 
characteristic  of  the  middle  portion  of  each  ramus  of  the  jaw  in 
this  genus.  The  specimen  measures  00095  in  length  and  0-003  in 
maximum  breadth,  and  is  shown  from  the  coronal  aspect,  of  twice 
the  natural  size,  in  PI.  III.  Fig.  1.  Having  been  discovered  in  the 
same  formation  and  locality  as  the  prehensile  teeth,  and  agreeing 
with  the  latter  in  its  comparatively  small  size,  the  new  speciuien 
may  also  be  named  C.  Duponti,  and  thus  adds  somewhat  to  the 
scanty  definition  of  the  species.  The  tooth  tapers  gradually  to  its 
extremities,  which  are  obtusely  angulated,  almost  rounded;  and 
there  is  a  prominent  median  longitudinal  keel,  which  rises  to  a  blunt 
apex  at  the  point  of  maximum  breadth.  The  coronal  surface  is  also 
coarsely  rugose. 

It  is  interesting  to  observe  that  the  crushing  tooth  just  described 
corresponds  more  closely  with  those  of  the  Cretaceous  species  than 
with  those  of  the  existing  forms ;  and  it  may  be  added  that  a  similar 
tooth  has  already  been  recorded  from  the  London  Clay  of  Highgate 
Archway.' 

Odontaspis  elegana  (Agassiz). 

1843.  Lamna  elegana,  L.  Agassiz,  Poiss.  Foss.  vol.  iii.  p.  289,  pi.  xxxv.  figs.  1-5 

(non  figs.  6,  7),  pi.  xxxTiia.  fi^.  69  {non  fig.  68)^ 
1871.  Lamna  elegans,  H.  Le  Hon,  Prelim.  M6in.  Poiss.  Tert.  Belg.  p.  12. 

1875.  Lamna  elegans,  A.  Rutot,  Ann.  Soc.  G^l.  Bele.  vol.  ii.  p.  34. 

1876.  Otodus  8triatu9y  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  vol.  iv.  pp.  8,  24,  pi.  i. 

figs.  7-9. 
1876.  Lamna  elegans,  T.  C.  "Winkler,  ibid.  p.  9. 
1876.  Lamna  eleaan^,  G.  Vincent,  Ann.  Soc.  Roy.  Malacol.  Belg.  vol.  xi.  p.  123, 

pi.  vi.  fig.  4. 
1876.  Otodus  8triatt4s,  O.  Vincent,  t^.  p.  125,  pi.  vi.  fig.  2. 
1880.  Lamna  eUgans,  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  vol.  v.  p.  74. 
1885.  Lamna  elegant,  F.  Noetling,  Abh.  Geol.   Specialk.  Preiissen  n.  Thiiring. 

Staaten,  vol.  vi.  pt.  3,  p.  61,  pi.  iv. 
1889.  Odontaspis  elegans,  A.  S.  Woooward,  Catal.  Foss.  Fishes  Brit.  Mus.  pt.  i. 

p.  361. 

Typical  teeth  of  this  species  occur,  and  it  seems  most  probable 
that  the  teeth  named  Oiodus  striatus  by  Winkler  are  truly  referable 
to  the  sides  of  the  upper  jaw  of  the  same  fish.  Noetling  has 
attempted  to  restore  the  dentition  from  the  fossils  of  the  Eocene 
of  Samland,  placing  relatively  low-crowned  and  broad  compressed 

1  Catal.  Foes.  Fishes  Brit.  Mas.  pt.  1.  p.  ^^6. 


-  ^J.^.^^Lca  may  be  accepted  as  well  d 

Oxyrhina  Desori,  Ag 

1843.  Oxyrhina  Desorii,   L.  Agasaiz,    Poiss.   Foa 
tigs.  8-13. 

1885.  Oxyrhina  xiphodm^  F.  Noetling,  Abh.  Geol. 

Staaten,  toI.  vi.  pt.  3,  P.  50,  pi.  iii. 
1889.  Oxyrhina  De9orii,  A.  S.  Woodward,  Catal. 
p.  882. 

Some  broad  upper  lateral  teeth  of  this  spe 
oollection,  and  resemble  those  figured  by  I 
of  Oxyrhina  xiphodon)  from  the  Samland  £ 

Lamna  vertiealtSf  Agassiz.     PI. 

1843.  Zamna  {Odonia^pis)  vertiealit,  L.  Agassiz,   1 

pi.  xxxYiia,  figs.  31,  32. 
1874.  Otodut  minutisHmuSy  T.  C.  Winkler,  AtcMt. 

pi.  yii.  fig.  2. 
1876.  Otodua  parvus^  T.  C.  Winkler,  loe,  eit,  toI.  ir. ; 
1876.  Otodua  minutissimus,  T.  C.  Winkler,  ibid,  p.  21 
1880.  Odantaspis  mourloniy  T.  C.  Winkler,  loe,  eit.  to 
1883.  Lamna  {Odontaapia)  verticaliat  W.  Dames,  Sitzt 

Berlin,  pt.  i.  p.  145,  pi.  iii.  figs.  8-10. 

1886.  Odontaapia  minutiaaimua,  F.  NoetUng,  Sitznng 

p.  16. 

The  large  series  of  teeth  of  this  species  in 
seems  to  justif}'  the  above  synonymy  sug| 
The  form  and  proportions  of  the  anterior  ti 
the  true  Lamna ;  and  a  typical  lateral  tooth 
size,  in  PL  111.  Fig.  2. 

The  type  specimens  of  L,  verttcoUa  are  si 
been  obtained  from  th*»  ^ — -^       ^' 
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the  lateral  denticles;  and  there  oannot  be  mnoh  doabt  that  moat  of 
these  foflsils  are  referable  to  the  npper  jaw  of  Lamna  maeroia. 

Oinglymoiioma  thtetense  (Winkler). 

1874-76.  JFYmmAm  thidmtit,  T.  G.  Winkler,  Archir.  Mns.  Teller,  toI.  iii.  p.  801, 

pi.  Tii.  fig.  6,  and  ibid,  toI.  It.  p.  20. 
1886.  Gimgl^mc9tomm   thuUnm,    F.  Noetling,    SitsungBb.   Get.  natarf.  Freniide 

Berlin,  p.  14,  figs.  2,  8. 

The  teeth  described  nnder  this  specific  name  exhibit  all  the 
eharacters  of  QinglymoBtovM^  as  already  noted  by  Noetliiig. 

Scymnui  trituraiva  (Winkler). 

1874.  Coras  triimrahu,  T.  G.  Winkler,  ArohiT.  Mns.  Teyler,  toL  i?.  p.  27,  pi.  ii. 

fig.  13. 
1879.  SejfmnuB  triiuratus,  J.  Probst,  Wiirtt.  Jahresh.  vol.  zzxr.  p.  176. 
1886.  Seymmts  trUuratua,  F.  Noetling,  Sitznngsb.  Ges.  natarf.  Frennde  Berlin, 

p.  17. 

Some  very  small  Bruxellian  teeth  are  indistinguishable  in  shape 
from  those  of  the  existing  Seymnus,  and  may  thus  be  regarded  as 
pertaining  either  to  this  genus  or  to  a  closely  allied  form  at  present 
undetermined. 

Squattna,  sp. 

A  tooth  of  Squattna  occurs  in  M.  Houzeau's  collection,  but  cannot 
be  regarded  as  sufficient  for  specific  determination.  It  is  less  robust 
than  the  teeth  of  the  same  genus  from  the  Heersian  BedsJ  and 
similarly  difiers  from  a  Belgian  Pliocene  tooth  described  by  Le  Hon.* 

Ccelorhynehus  rectus,  Agassiz. 

1784.  "  Purification  incoDnue,'*  Burtin,  Oryctogr.  Bruxelles,  pi.  vi.  figs.  a-e. 
1844.  Coelorhyfichus  rectus,  L.  Agassiz,  Poiss.  Foss.  vol.  y.  pt.  i.  p.  92  (name  only). 
1860.  Calorh^ehus,  F.  Dixon,  Foss.  Sussex,  p.   112,  pi.  x.  figs.  14-17,  pi.  xi. 

fig.  26. 
1871.  (kelorhynehuM  rectus  and  C.  Burtini,  H.  Le  Hon,  Pr61im.  M6m.  Poiss.  Tert. 

Belg.  p.    14;   also  P.  J.  Van  Beneden,   Bull.   Acad.  Roy.   Belg.   [2], 

Tol.  xxxi.  p.  500. 

No  specific  differences  between  C,  Burtini  and  the  typical  C.  rectus 
have  been  pointed  out,  and  they  may  be  regarded  as  pertaining  to 
oue  and  the  same  form. 

'    TELEOBTOML 
Lepidosteus,  sp. 

1874.  Triehiurides  sagittidens^  T.  C.  Winkler,  Arcbiv.  Mns.  Teyler,  vol.  iv.  p.  31, 

pl.  ii.  figs.  22,  23. 
1883.  **Xtf^i<^/irtM-verwandter  Ganoid,*'  Hilgendorf,  Zeitschr.  deutsch.  geol.  Ges. 

vol.  XXXV.  p.  670. 

As  already  recognized  by  Hilgendorf,  the  teeth  described  by 
Winkler  under  the  name  of  Triehiurides  are  indistinguishable  from 
those  of    Lepidosteus.     Numerous    teeth,   head-bones,   scales,   and 

»  Trigmodus  primus,  T.  C.  Winkler,  Archiv.  Mns.  Teyler,  vol.  iv.  (1876),  p.  14, 
pl.i.  figs.  18-21. 

»  Sealdia  hiforis,  H.  Le  Hon,  Pr6Um.  M6m.  Poiss.  Tert.  Belg.  (1871),  p.  7, 
with  figs. 
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TertebrsB  closely  resembling  those  of  tlie  latter  genus  are  well 
known  from  several  European  Lower  Tertiary  formations;  and 
a  single  vertebra  has  been  recorded  from  the  Bracklesham  Beds.^ 


PisoduB  Oweni,  Owen.     PL  III.  Figs.  3-5. 

1844.  PUodut  Owenii,  L.  Aganiz,  Poise.  Fom.  ipoI.  ii.  pt.  ii.  m.  247  (name  only). 
1846.  nsodu*  Otpmii,   R.  Owen,   Odontography,  p.   1<38,  pL  zItU.  fig.  3;  also 
Cat.  Fo66.  Bept.  and  Pisces  Mus.  R.  Coll.  Surgeons  (1654),  p.  167. 

Numerous  detached  teeth  occurring  in  the  Bruxellian  of  Woluwe 
St  Lambert  are  identical  with  those  of  the  peculiar  dental  armature 
described  by  Owen  from  the  London  Clay  of  Sheppey  under  the 
name  of  Pisodus,  Two  of  these  specimens  are  shown  of  the  natural 
size  in  PI.  IlL  Figs.  3,  4,  aad  a  portion  of  the  typical  dentition  from 
Sheppey  is  represented  for  comparison  in  Fig.  6.  The  teeth  are 
rounded  or  irregularly  angalated,  while  the  superficial  gano-dentine 
is  thin  and  soon  remoyed  by  wear.  The  greatest  diameter  of  the 
tooth  is  at  the  base  of  the  crown,  and  the  hollow  root  tapers  below 
to  its  point  of  attachment  to  the  bottom  of  a  socket  in  the  support- 
ing bone. 

The  affinities  of  Pisodus  seem  to  have  hitherto  escaped  recog- 
nition, but  a  fine  skull  from  Sheppey  in  the  British  Museum 
(No.  39439)  shows  that  in  all  essential  cranial  characters  it  is 
identical  with  the  existing  Elopine  Clupeoid,  Albnla.  The  peculiar 
tritoral  dentition  occurs  upon  the  parasphenoid  bone,  and  is  precisely 
similar  to  that  of  the  last-named  genus. 

Aneistrodon  fissuratuB  (Winkler). 

1862.  Sargus?  armatus,  P,  Genrais  {errore),  Zool.  et  Pal.  Fna^.,  Explic.  p.  5, 

pi.  Ixix.  figs.  9,  10. 
1852.  Sargus?  aerratua^  P.  Gonrais  {errore)^  ibid.  p.  2,  pi.  Ixrii.  £g.  8. 
1874.  Ciyrax  jfssuratua,  T.  C.  Winkler,  Archiv.   Mus.  Teyler,  toI.  iii.  p.  299, 

pi.  Tii.  fig.  4. 
1876.  Coraxjiasuratusy  T.  C.  ITinkler,  loe.  eiL  vol.  iv.  p.  12,  pL  iL  figs.  11,  12. 
1883.  Aneistrodon  armattta,  W.  Dames,  Zeitschr.  deatsch.  geol.  Ges.  toI.  xxxt. 

p.  664,  pi.  xix.  fig.  2. 

As  pointed  out  by  Dames  the  specimens  named  Corax  JUsuratus 
by  Winkler  are  truly  pharyngeal  teeth  of  a  teleostean  fish,  and 
may  thus  be  assigned  to  the  provisional  '* genus"  AnctBirodon. 
They  are  identified  by  Dames  with  three  teeth  from  the  Nummulitic 
Series  of  the  Dept.  Aude  and  Cuise-la-Motte,  erroneously  associated 
by  Gervais  with  teeth  of  Sargus  and  other  genera  under  the  names 
of  SarguB  ?  artnatus  and  Sargus  ?  serraius. 

Phyllodtis,  sp. 

1876.  FhyllodM  Dehorriei,  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  vol.  iv.  p.  28, 
pi.  ii.  figs.  14-18. 

Though  undoubtedly  referable  to  the  typical  PhjlhduB,  the  pha- 
ryngeal dentition  described  by  Winkler  is  too  imperfectly  known 
for  specific  determination. 

'  Woodward  and  Sherbom,  "Catalogus  ot  "BnV^Yv  '5«8sa.\«\fc\sw.\a."  C1890), 
p-  111. 
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Cyhium  (?)  sp. 

1876.  Enehodu9  Bleekeri,  T.  C.  Winkler,  Arcbiv.  Mus.  Teyler,  vol.  iv.  p.  43,  pi.  ii. 
figs.  24,  25. 

The  complete  dentition  of  the  Cretaceous  genus  Enchodus  being 
now  known,^  it  is  evident  that  the  teeth  named  E,  Bleekeri  are 
incorrectly  determined.  These  specimens  doubtless  pertain  to  a 
typical  Scomberoid,  and  may  be  provisionally  assigned  to  Cyhium, 
which  is  already  known  to  occur  in  the  Lower  Tertiaries  elsewhere. 

SarguBy  sp. 

A  few  anterior  teeth  exhibit  so  much  similarity  to  those  of  the 
existing  Sargua,  that  either  this  genus  or  Lethrtiius  may  be  recorded 
as  occurring  in  the  Bruxellian  Fauna.  The  genus  has  already  been 
determined  by  Agassiz'  from  the  Eocene  of  Montmartre;  and 
Gervais'  fignres  some  anterior  teeth  from  the  Nummulite-bearing 
beds  of  the  Dept.  Aude. 

Trigonodon  serraius  (Gervais).     PL  III.  Fig.  6. 

1852.  Sargua?  aerratuty  P.  OerraiB,  Zool.  et  Pal.  Frani;.,  Explic.  p.  2,  pi.  Ixvii. 
fig.  7  (mw  fig.  8). 

Very  broad  cutting  teeth  much  resembling  the  incisors  of  Sargus 
and  its  allies,  are  met  with  in  several  Tertiary  formations ;  but  they 
cannot  be  referred  to  any  known  existing  genus,  since  they  appear 
to  have  formed  only  a  single  pair  in  each  jaw.  Very  similar  teeth, 
though  somewhat  more  robust,  also  occur  in  the  Upper  Cretaceous 
of  Northern  Africa,  and  are  regarded  as  the  type  of  an  otherwise 
unknown  genus  Stephanodus,  by  von  Zittel,*  who  states  that  they 
are  associated  with  rounded  and  oval  crushing  teeth,  probably 
referable  to  the  inner  part  of  the  mouth  of  the  same  fish. 

Several  of  these  teeth  occur  in  M.  Houzeau*s  collection  from  the 
Bruxellian  Eocene,  and  one  example  is  shown,  of  the  natural  size, 
from  the  outer  and  inner  aspects,  in  PI.  III.  Fig.  6.  The  trenchant 
horder  of  the  crown  is  nearly  parallel  to  its  basal  margin,  but  is 
much  longer  than  the  latter,  which  equals  in  length  the  compara- 
tively small  root  to  which  the  crown  is  firmly  united.  Each  tooth 
meets  its  fellow  of  the  opposite  side  in  a  narrow  curved  symphysis 
in  front,  and  is  produced  posteriorly  into  an  acute  termination.  The 
superficial  gano-dentine  is  smooth,  but  the  trenchant  border  is 
prominently  and  delicately  crimped,  the  numerous  vertical  folds 
terminating  in  serrations,  which  soon  become  obliterated  by  wear. 
Some  of  these  teeth,  indeed,  are  worn  down  to  short  stumps,  and  it 
is  interesting  to  observe  that  the  oblique  surface  of  abrasion  first 
appears  posteriorly. 

An  extremely  worn  tooth  of  the  general  form  just  described,  from 
the  Lower  Tertiary  of  Piedmont,  is  regarded  as  the  type  of  a  genus 

^  Smith  "Woodward,  "A  Synopsis  of  the  Vertebrate  Fossils  of  the  English  Chalk,** 
Proc.  Geol.  Assoc,  vol.  x.  (1888),  p.  315,  pi.  1.  figs.  6,  6. 
'  L.  Agassiz,  Rech.  Poiss.  Foss.  vol.  iv.  (1839),  p.  168,  pi.  xviii.  fig.  1. 
'  P.  Gervais,  Zool.  et  Pal.  Franc^.  (1852),  pi.  Ixix.  figs.  14-16. 
*  K.  A.  von  Zittel,  Handb.  Palieont.  vol.  lii.  (1888),  p.  '19S, 
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itiuuieu  to  Mourlon's  *' Geologie  de 
In  conclusion,  it  may  tlierofore  be  of  ii 
tion  of  species  in  accordance  with  the  1 

Elasmob&anchii. 

JUatis  Lathami,  Galeotti.  £da^ 
Squatinaf  sp. 
Myliohati*  toliapveui^  Ag. 

Dixoni,  Ag.  Cte/bi 

Aetobatis  irre^Utris,  Ag. 

CutraeUm  DupoHti,  Winkl. 

Scymnut  trituratus  rWinkl.).  Lepia 

Ginglymosioma  Thielenae  (Winkl.).  Pycnc 

Odontatpit  eleyans  (Ag.).  Arius 

etupidato  (Ag.).  Fuod$ 

Oxyrhina  Ihwri^  Ag.  Aneii 

novQf  Winkl.  Trigon 

Loftma  verticalUf  Ag.  Saryus 
maerota  (Ag.).  Cybiun 

Vineenti  (Winkl.)  Braehy 

Careharodon  heterodon,  Ag.  Homort 

Galeoeerdo  latideiu^  Ag.  FhyUod 

(?  Protogalewt)  minor,  Ag. 

The  so-called  Trigonodu8  8ecundu8,  Wii 
CryroduB  navicularis,  Winkl.,  require  furth 


II.  Tub  Fish-fauna  of  the  D 

M.  Houzeau*8  oolleotion  comprises  teet 
two  horizons  in  the  Ciply  series — the  ' 
and  the  overlying  remani4  bed  known 
Malogne.*'    The  latter  is  evidently  deriv 
from   the  former,  and   its   fish-r^'T"*'*'*" 
Seven  snAoS*^"  -  -  ^ 
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ipecies  of  Seapan&rhfnekuB  merely  by  isolated  teeth ;  and  the  attempt 
made  by  the  present  writer  in  the  work  oited  to  assign  limits  to 
8n  rhapkiodon  is  thos  only  provisionaL  However,  teeth  indistinguish* 
able  from  those  usually  named  S,  rhaphiodon  occur  at  Ciply,  and 
the  species  may  therefore  be  recorded. 

It  seems  most  probable  that  the  teeth  from  Ciply  described  as 
Odontaapia  ("  Lamna  ")  elegana  by  MM.  Houzeau,  Briart,  and  Rutot,^ 
also  pertain  to  Seapanorhynchua.  The  present  writer  has  only  seen 
tbe  detached  dental  crowns,  and  they  certainly  bear  much  resemblance 
to  those  of  the  well-known  Lower  Tertiary  species ;  but  these  are 
insufficient  to  establish  as  a  fact  the  range  of  a  species  of  Shark 
from  the  Danian  to  the  Lower  Miocene.  Very  similar  teeth  from 
France  and  the  United  States  have  also  been  described  under  the 
names  of  Lamna  Trigeri '  and  Lamna  lexana.^  Tbe  so-called  Lamna 
elegana  from  the  Upper  Cretaceous  of  Scandinavia  is  proved  to  be 
erroneously  determined  by  the  circumstance  that  the  inner  face  of 
the  teeth  is  smooth.* 

Odontaapia  Bronm^  Agassiz. 

1843.  Lamna    {Odanttupit)    Brotmi,   L.  AgMsiz,   PdsB.   FoiS.   Tcd.  ill.   p.   297, 

pi.  xxxriia.  figs.  8-10. 
(r)  1843.  Otodus  ttrratut,  L.  Agassiz,  ibid.  p.  272,  pi.  xxxii.  fin.  27,  28. 
1852.  Otodus  and  Lamna^  P.  Oerrais,  Zool.  et  Pal.  FTan9.  pi.  IxxtI.  figs.  6,  8. 

1889.  Odofttaapis  Bronni,  A.  S.  Woodwurd,  Catal.  Foss.  Fishes  Brit.  Mus.  pt.  i. 

p.  360. 

1890.  Odontaspis  acuta,  J.  W.  Dayis,  Trans.  Roy.  Duhlin  Soc.  [2],  yol.  It.  p.  387, 

pi.  xxxviii.  figs.  21-24. 

This  is  a  well-characterized  species,  so  far  as  the  dentition  is  con- 
cerned, occurring  in  the  uppermost  Cretaceous  horizons  of  France, 
Holland,  and  Southern  Scandinavia,  and  abundantly  represented  in 
the  Lower  Danian  of  Ciply.  An  allied  form  also  seems  to  occur 
m  the  Oamaru  System  of  New  Zealand.  The  great  interest  of  the 
species  consists  in  the  fact,  that  its  teeth  differ  very  slightly  from 
those  of  Odontaapia  Butoti  met  with  in  the  Lower  Eocene  both  of 
Bela:ium  and  Kent.  It  thus  affords  another  instance  of  the  striking 
similarity  existing  between  the  latest  Mesozoic  and  the  earliest 
Tertiary  fish-remains. 

Odontaapia  JTouzeaui,  sp.  nov.    PI.  IIL  Figs.  7,  8. 

Teeth  with  slender,  sharply-pointed  crown  and  robust  root ;  outer 
coronal  face  flattened,  marked  with  numerous  short  vertical  wrinkles 
at  its  base-line,  which  is  more  or  less  arcuate;  inner  coronal 
face  smooth  ;  a  single  pair  of  prominent,  slender  uncinate  lateral 
denticles,  usually  with  a  rudimentary  denticle  externally;  inner 
Dutritive  foramen  of  root  not  in  groove,  inconspicuous.  Anterior 
teeth   (Fig.    7)    exhibiting   well-marked   sigmoidal    curvature,   the 


s.  1M7. 


,,...vi«.v,  >.  Kiprijiiuolf,  IJull.  Si 
j)l.  ii.  ti«^^s.  4-20. 
1889.   Ltiinna  rmsm,  A.  8.  Woodward,  Catal. 

A  innnber  of  teeth  in  M.  Houzeau 
able  from  those  of  this  species,  and  « 
the  natural  size  in  PL  III.  Fig.  9.  Th 
the  Lower  Danian  of  Ciply  is  of  sc 
with  only  in  a  muoh  lower  horizon 
Eastern  areas  of  Bavaria  and  Russia. 

Carax  pristodontuSf  Agassiz.     1 

1843.  Corax  pristodontua^   L.   Agassiz,    Poiss. 

figs.  9-13. 
1889.  Corax  pristodantus,  A.  S.  Woodward,  Cat 

p.  423. 

The  teeth  described  as  Corax  pristodoi 
to  characterize  nearly  all  Upper  Senonia 
but  no  discovery  of  a  series  of  naturally 
have  been  hitherto  recorded.  M.  Houz( 
with  fourteen  teeth  of  this  form  in  the  * 
of  Ciply  associated  in  such  a  manner  as 
they  pertained  to  a  single  mouth.  Se 
shown,  from  the  outer  aspect,  in  PL  II 
interesting  to  observe  how  constant  are  tl 
teeth,  notwithstanding  their  variations  in 
in  each,  the  anterior  margin  of  the  cr 
curvature,  and  the  posterior  margin  is  ah 
notch  so  characteristic  of  other  species  or 

CHIMJSROID^ 
JP1 ' 
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oolleotion,  and  another  genus  of  fishes  oommon  to  the  Upper  Creta- 
oeons  and  Lower  Tertiary  is  made  known.  An  imperfect  left 
mandihular  tooth,  wanting  the  symphysis,  is  shown  of  the  natural 
size  from  the  oral  aspect  in  PI.  III.  Fig.  17.  It  exhibits  the  large 
punctate  median  tritor,  the  prominent  laminated  anterior  outer  tritor, 
and  the  series  of  small  subdivisions  of  the  posterior  outer  tritor. 

T^LEOSTOIfL 
Aerotemnus  stibclavatus  (Agassiz). 

IS4i.  Pynodut    subelavatus,    L.   Agassiz,   Poifls.   Fo66.   vol.  ii.   pt.   ii.   p.   198, 

pi.  Ixxii  a.  fig.  69. 
1887.  AnomfKodus  guSelavatus,  H.  Foiir,  Ann.  8oc.  G^l.  Belg.  toI.  zIt.  p.  26, 

pi.  i.  fig.  1. 

Numerous  detached  teeth  seem  to  be  referable  to  this  Danian 
species  of  Pycnodont,  for  which  we  follow  Mr.  Lydekker*  in  adopt- 
ing the  generic  name  of  Aerotemnus  (Agassiz).  that  of  Coehdus^  being 
preoocupieiL  When  separating  the  species  from  Pycnodus  under 
a  new  generic  name,  Forir  overlooked  the  fact  that  the  Agassizian 
arrangement  of  the  Pycnodont  fishes  had  been  revised  about  thirty 
years  previously  by  Heckel.  The  fine  right  splenial  dentition 
figured  by  Forir  is,  however,  an  important  specimen. 

In  conclusion,  the  species  from  the  Lower  Danian  of  Ciply 
represented  in  M.  Houzeau's  collection  may  be  enumerated  in  a  short 
list  Many  more  forms  could  doubtless  be  recognized  if  the  remains 
were  less  fragmentary,  and  future  discoveries  of  teleostean  fishes 
especially  will  be  awaited  with  interest 


Elasmob&anchii. 
Squatina,  sp. 
CeitracioHf  sp. 
S^nechodua,  sp. 

Seapanorhynehut  rhaphiodon  (Ag.). 
Sempanorhynchtu,  sp. 
Odontaapi*  Bronniy  Ag. 
Odontaspis  Houzeauiy  A.  S.  Woodw. 
Lttmna  append iculata  (Ag.). 
Lamna  erassa  (Ag.). 


Corax  pristodontuSf  Ag. 
Cor  ax  affinisy  Ag. 

Chimjeroidei. 
Elatmodus  Oreenoughiy  Ag. 

ICHTHYODORULITE. 

dglorhynchm  (?)  eretaeeuty  Dixon. 

TSLBOSTOMI. 

Aerotemnus  tubelavatu*  (Ag.). 
EnchoduSy  sp. 


EXPLANATION  OF  PLATE  III. 

Fio.  1.  Ctttracion  Duponti,  "Winkler;  coronal  aspect  of  lateral  tooth,  twice  natural 

size.     Bnixellian  Eocene,  woluwe  St.  Lambert.      [P.  6921.] 
Fig.  2.  Lamna   verticalit,   Agassiz ;    tooth,   inner   (a),   outer   {b),  and  lateral  (c) 

aspects.     Ibid,     [P.  5916  a.] 
Figs.  3,  4.  Tisodut  Oweni^  Owen ;  two  detached  parasphenoid  teeth,  coronal  (a)  and 

lateral  [b)  aspects.     Ibid.     [P.  5924.1 
Fig.  5.  Ditto ;   portion  of  paraspnenoid  dentition,  with  detached  tooth  (a)  in  side 

view.     Bracklesham  Beds,  Sussex.     [38827.] 
Fig.  6.  Trigonodon  serratus  (GerraisJ ;  anterior  lateral  tooth,  inner  {a)  and  outer  {b) 

aspects.   Bnixellian  Eocene,  Woluwe  St.  Lambert.   [P.  5926  a. 1 
Figs.  7,  8.  Odantaspis  Houzeauiy   sp.  nov. ;    two  teeth,  inner  (a),   outer  (b),  ana 

lateral    (e)    aspects.    Lower    Danian    (Craie    brune),    Ciply. 

[P.  6830.] 

*  Nicholson  andLvdekker,  Manual  Palaeont.  vol.  ii.  (1890),  p.  984. 

«  J.  J.  Heckel,  Denkschr.  k.  Akad.  Wias.  Wien,  vol.  xi.  (1866),  p.  202. 
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Fio.  9.  Lawmm  erum  (A^bmu)  ;  tooth,  mMr  (m),  outer  (i),  and  Uteial  («)  aspeeti. 

Ihid.    [P.  5833«.] 
Fios.  10-16.  Ctrmx  pri*Udontu»y  Agurii;  iwociitad  aerifls  of  mtren  teeth,  outer 

aspect.    Ihid,    [P.  6827.] 
Fio.  17.  £kumodus  Grtemtmgki,  Aguiii;  imperfect  left  mandibiiilar  tooth,  inner 

aspect.    Lower  Daaian  (Foudingiie  de  la  Malogne),  Ciply. 

[P.  6837.] 
Fio.  18.  BotUmmnu  kH^iiUMy  sp.  nor. :  en>wii  of  hinder  tooth,  coronal  («),  extemil 

or  internal  (6),  anterior  or  posterior  (r),  and  inferior  {d)  aspects. 

Jjow&r  Danian  (Craie  bnme),  Ciply.    [R.  1802.] 

Except  Fiff.  1,  an  the  drawings  are  of  the  natnral  size.  The  specimens  are  in 
the  British  Mnsenm,  and  the  nnmbers  in  Kiaaie  brackets  refer  to  the  Reg:iBter  of  the 
GeologiGal  Department. 

nL — NoTB  OH  A  Tooth  of  ah  Extihot  Alligator  (Bottosaueus 

BBLOICUS,  Bp.nOV.)  FBOM  THX  LOWKB  DaNIAN  OF  CiPLY,  BkLOIUX. 

By  A.  Smith  Woodwabd,  F.6.S.,  F.Z.S. 
(PLATE  IIL  Fio.  18.) 

AMONG  the  vertebrate  remains  discovered  by  M.  Houzeaa  de 
Lehaie  in  the  "  Craie  brune  phosphatee  "  of  Ciply,  is  the  crown 
of  a  large  tritoral  tooth,  of  unusiud  form  and  somewhat  difficult  of 
determination.  A  study  of  the  reptilian  teeth  from  the  New  Jersey 
Greensand  in  the  Philadelphia  Academy  of  Sciences  has,  however, 
suggested  to  the  writer  a  plausible  explanation  of  the  specimen ; 
and  a  brief  notice  of  its  characters  may  perhaps  lead  to  the  discovery 
of  more  satisfactory  evidence  of  the  animal  to  which  it  pertains. 

As  shown  by  the  figures  (PI.  IIL  Figs.  I8a-cL),  which  are  of  the 
natural  size,  the  tooth  is  longer  than  its  maximum  breadth,  tapering 
at  the  extremities,  without  a  longitudinal  keel,  and  covered  by  dense 
dark  enamel,  which  is  nearly  smooth,  exhibiting  only  a  faint  trans- 
verse rugosity.  One  extremity  of  the  crown  is  more  elevated  than 
the  other,  and  the  median  portion  is  slightly  raised  above  both  these 
points.  At  each  of  the  three  elevations  the  surface  enamel  is  worn 
off,  thus  exposing  the  softer  light-coloured  dentine.  In  basal  view 
(Fig.  18(2)  the  dentine  is  shown  to  consist  of  two  or  three  super- 
posed cones. 

There  being  apparently  no  piscine  dentition  with  which  such  a 
tooth  can  be  compared,  it  is  necessary  to  refer  to  the  Reptilia  ;  and 
among  these  the  posterior  teeth  of  the  Alligators  seem  to  present  the 
most  striking  resemblances.  In  the  fossil  Alligators  of  the  Lower 
Tertiaries  the  short  tumid  crowns  of  the  hinder  teeth  are  often 
found  detached  from  the  root,  while  they  differ  only  from  the  fossil 
now  under  discussion  in  their  much  smaller  size,  the  absence  of 
lateral  eminences,  and  the  presence  of  at  least  a  short,  feeble, 
longitudinal  keel.  In  a  supposed  Upper  Cretaceous  Alligator,  how- 
ever, of  which  the  type  species  is  comparatively  large,  the  posterior 
teeth  agree  much  more  closely  both  in  size  and  form  with  the  Ciply 
specimen ;  and  it  seems  reasonable  to  predict,  from  an  examination 
of  this  fossil,  that  good  evidence  of  a  member  of  tlie  Alligator- group 
will  eventually  be  found  in  the  Upper  Senonian  or  Danian  of 
Western  Europe.    Botlosaurua,  as  the  imperfectly  known  genus  in 
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qaestioQ  is  termed/  has  hitherto  been  met  with  only  in  the  Upper 
Cretaoeons  of  the  United  States;  and  there  is  so  mnch  agreement 
between  the  teeth  of  the  typical  B,  Harlani  (Meyer) '  of  the  New 
Jersey  Greensand  and  the  tooth  now  described,  that  the  latter  may 
be  provisionally  recorded  as  Botloaaurua  helgieus.  So  far  as  the 
writer's  observations  have  extended,  this  is  characterized  by  the 
presence  of  a  small  eminence  at  each  end  of  the  dental  ci'own, 
and  the  sharply-rounded — not  keeled — form  of  its  median  longi- 
tudinal line. 

lY.— NoTs  ON  Specimens  of  Ghbrtt  Siliceous  Bock  from  South 

Australia. 

By  Gborob  Jbnninos  Hindb,  Ph.D.,  F.G.S. 

SOME  specimens  of  Cherty  rock  forwarded  to  England  for  deter- 
mination some  years  since  by  Mr.  H.  Y.  L.  Brown,  F.O.S., 
Government  Geologist  of  South  Australia,  have  lately  been  submitted 
to  me  for  examination  by  my  friend  Dr.  H.  Woodward,  F.R.S.,  and 
their  structure,  as  shown  in  thin  sections,  seems  to  me  sufficiently 
interesting  to  be  recorded.  The  specimens  in  question  are  of  a 
light-  or  yellowish -grey  tint,  with  a  waxy  lustre,  in  some  portions 
compact  and  in  others  minutely  porous,  which  makes  them  light  to 
the  feel.  The  rock  is  hard,  scratching  glass  readily,  and  there  ie  no 
reaction  with  acid.  Numerous  negative  casts  of  fossils  are  present 
in  it,  the  most  abundant  are  those  of  a  foliate  Polyzoon  probably  of 
the  genus  Betepora,  but  casts  of  small  turreted  Gasteropods  and 
bivalve  mollusca  are  also  not  uncommon.  In  all  cases  the  original 
calcareous  tests  of  these  organisms  have  been  dissolved  and  removed, 
leaving  impressions  of  their  form  in  the  translucent  siliceous  matrix ; 
in  some  instances  the  casts  have  subsequently  been  filled  up  by 
silica. 

Thin  microscopic  sections  of  the  rock  show  that  minute  angular 
qaarlz-grains  are  scattered  throughout  the  cherty  matrix,  but  the 
principal  feature  is  the  occurrence  of  detached  sponge-spicules  which 
in  places  are  heterogeneously  crowded  together  in  the  rock.  These 
spicules  are  by  no  means  well  preserved ;  they  are  mostly  frag- 
mentary and  in  various  stages  towards  dissolution.  Where  the 
process  has  extended  furthest,  the  substance  of  the  spicule  has 
disappeared,  and  there  is  either  an  empty  cast,  or  merely  the  axial 
canal  of  the  spicule  now  infilled  with  a  dark  substance.  In  all 
parts  of  the  rock-section  the  former  presence  of  spicules  can  be 
detected,  although  it  is  only  in  certain  places  that  the  spicules  them- 
selves remain  in  their  originally  crowded  condition.  The  matrix  in 
which  the  spicules  and  quartz-grains  are  imbedded  appears  to  be 
mainly  of  amorphous  or  opal  silica,  nearly  entirely  neutral  to 
polarized  light  between  crossed  Nicols,  and  it  is  principally  in  the 
form  of  very  minute  globules  or  discs  usually  aggregated  together 

'  L.  Agaasiz,  Proc.  Acad.  Nat.  Sci.  Philad.  1849,  p.  169. 

'  J.  Leidy,  Cretaceous  Rept.  United  States  (1865),  p.  12,  pi.  iv.  figs.  19-23; 
pl.  xviii.  figs.  11-14.  For  further  references  to  Bottomurtts,  see  E.  D.  Cope,  Vert. 
Cret.  Form.  West  (Rep.  U.S.  Geol.  Surv.  Territ.  vol.  u.  1876),  p.  253. 
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5k>  AS  to  exhibit  a  microficopic  botrjoidal  appearance,  the  globules  or 
discs  ranging  from  -01  to  H>3mm.  in  diameter.  This  globular  fonn 
of  opal  silica  is  similar  to  that  whi^  oocars  in  many  of  the  sponge- 
b^s  of  the  Upper  Greensand  ^  in  this  oonntry  and  there  can  hardly 
be  anv  doubt  that  in  this  Australian  Chert  it  is  due.  as  in  the  Chert 
of  this  country,  to  the  solution  and  redeposition  of  the  organic 
Bi]io:i  of  the  sponge-spiculeSw 

The  spicules  in  the  Australian  rock  are  not  sufficiently  well  pre- 
served to  indicate  with  certainty  the  sponges  to  which  they  belonged  ; 
the  only  forms  recognizable  are  portions  of  long  slender  rod-like  or 
acerate  spicules  from  *o  to  1-4  mm.  in  length,  and  -02  to  *06  in  thick- 
ness, and  calthrop  or  four-rayed  spicules  similar  to  those  in  the 
genus  PaekattrtUay  O.  Sch.  ll  seems  probable  that  they  are  chiefly 
of  Tetractinellid  sponges. 

The  principal  importance  of  tkis  Chert  is  the  OTidenoe  it  affords 
of  the  origin  of  this  rock  in  Australia  from  organic  sources ;  in  view 
of  the  fact  that  Chert  in  Australia  has  been  definitely  attributed  to 
chemical  deposition*  merely,  the  evidence  to  the  contrary  is  the 
more  valuable. 

The  specimens  were  c«?llected  by  Mr.  Brown  at  Yorke's  Peninsula, 
near  Adelai»le.  and  the  beds  are  believed  to  be  of  Tertiary  age, 
though,  so  far  as  I  am  aware,  their  particular  horizon  has  not  been 
ascertained. 

V. — WOODWARDIAH    MUSEUX   NOTKS. 

05  Two  Abkobx.%x  CBCTACEors  EcmxoiDS. 
Bt  T.  RoiinTs^  M.A^  F.G.S. 

IX  1SS7  a  quadri- radiate  Ethimo€onu»  (Gahnte$)  snhroiundus  from 
the  Lower  Chalk  of  Shudy  Camps,  Cambridgeshire,  was 
presented  to  the  Woodwardian  Museum  by  J.  Carter,  Esq.,  F.G.S. 
The  specimen  is  in  a  goixl  state  of  preservation,  but  it  has  been 
snbjecteil  to  a  slight  amount  of  crushing,  and  this  has  caused  ( 1 )  the 
apex  of  the  test  to  be  pushed  backwards  to  a  very  small  extent,  and 
(2>  an  abrasion  of  the  antero-lateral  border.  It  has  the  subconoidal 
form  *^t  the  normal  examples  of  this  species,  but  is  subquadrate  in 
section,  and  this  is  due  to  the  hci  that  onlv  four  ambulacral  and 
four  interambulacral  areas  are  present,  the  fifth  area  of  both  kinds 
being  completely  wanting. 

Both  the  ambulacral  and  interambulacral  areas  are  relatively 
wider  than  those  in  a  normal  specimen  of  the  same  size,  and  the 
spice  of  the  areas  that  are  wanting  appears  to  be  shared  propor- 
tionately among  the  eight  areas  that  are  present. 

The  apical  disc  is  compact  and  roughly  rectangular;  the  outline 
of  the  individual  plates  is  not  clear,  but  the  disc  is  seen  to  be  ci^m- 
posed  of  four  perforated  basals  (genitals)  and  four  perforated  radials 
(oculars).  Even  the  basal  plate  corresponding  to  the  posterior 
unpaired  interambulacral  area  is  perforated,  which  in  normal 
specimens  is  imperforate. 

•  Phil.  Trans-  toI.  cIxit.  pt.  ii.  1SS.5,  p.  428. 

3  HoU  and  Hiidman.  Froc.  Royal  Soc.  toI.  xliL  ;iSS7},  pp.  S04-310. 
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The  part*  tniuing  from  the  test  are  tboM  which  lie  on  the  left 
tide  of  a  line  dnwn  through  the  middle  of  the  anterior  single 
unbalaonini  and  the  posterior  unpaired  iuterambulauram  ;  bnt  it 
ii  not  possible  to  asoertain  which  of  the  paired  areas  of  this  siile 
that  are  wanting,  as  the  pores  in  the  ambolaoral  plates  round  the 
peristome  are  indistinotly  shown. 

Hejer  fignrea*  an  internal  oast  of  QaleriUt  albogalenu  with  six 
perfect  ambulaoral  areas;  but  I  am  sot  aware  of  an;  abnormal 
example  of  EcAinocontu  Babrotuttdiu  having  been  hitherto  desoribed. 

Ueyer  also  figures  and  desoribes  a  specimen  of  (XdariB  eoronaUi,' 
in  which  a  complete  ambuIacnJ  and  interambulacral  area  is  wanting; 
hat  the  apical  disc  is  not  preserved,  and  I  am  unable  to  find  out  from 
his  figure  and  description  wbioh  of  the  paired  or  unpaired  areas  that 
were  not  developed. 

In  188L  Prof.  Jeffrey  Bell  described  and  figured^  an  abnormal 
specimen  of  An^ltfpneutUg  formotus,  in  which  the  abaotinal  surface 
■hows  a  tetrameroua  arrangement  of  parts,  but  indicatioas  of 
peatamerism  are  shown  on  the  aotinal  region.  The  apical  disc, 
however,  is  normal,  i.e.  it  is  composed  of  ten  plates.  As  in  the 
EeUnoeontu  under  consideration,  it  is  the  left  side  of  the  test  which 
has  undergone  change. 

A  somewhat  similar  abnormality,  i.e.  tetramerons  abaotinal  and 
pentamorons  actinal  anrfaces,  has  been  dcBcribed  *  by  Philippi  in 
Eekinnt  melo,  but  in  this  cose  the  apical  disc  was  composed  of  fntir 
biuak  and  four  radials.      Philippi  and  Bell  state  *  that  it  is  the  left 


Apical  disc  of  Efhimmnm  mtrolundalia  Erom  Lower  Ch>1k,  Shudy  Cnnips. 
aa,  onti  ambulacnua  ;  mp,  madrepoiile  plate  ;  oi,  aaal  inteiradius. 

anterior  area  which  has  sufiered  change ;  but  if  the  figure  is  correctly 
ilrawn,  it  is  certainly  the  right  posterior  paired  ambulacra!  area 
which  has  been  only  partly  developed. 

Mr.  F.  A.  Bather  *  has  recently  described  a  tetrameroue  Grinoid,  and 
he  gives  references  to  numerous  examples  of  abnormality  amongst 
ihe  different  groups  of  the  Ecbiaodermata. 

'  So»a  Act*  Pbrsico-Hediea  Leop.  Car.  Aiad.  18. 1  (1816),  Tab.  liii.  fip  «  7. 

'  liid.  p.  m.  Tab.  lia.  fi]{»,  1-5. 

'  Joorn.  Lin.  See.  (Zoologr),  toL  X'.  {l»8l),  p.  128,  pi,  t.  flga.  1  -3. 

*  Arch.  Mr  Naturgw.  iii.  {l83T)  p.  211,  pi.  t. 

■  Ihd.  f.  313  aad  lot.  til.  p.  127.  *  Q.J.G.S.  Tol.  ili.  p.  U9. 
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pentagonal  in  outline.  The  line  separating  this  additional  plate 
from  the  madreporite  is  not  one  of  fracture,  but  is  a  true  suture- 
line,  and  is  marked  by  two  pits  precisely  similar  to  those  which  are 
present  on  nearly  all  the  suture-lines  of  the  apical  disc.  In  the 
Buture-line  between  this  extra  plate  and  the  centro-dorsal  there  is 
also  a  pit,  but  there  are  none  in  the  snture-lines  between  it  and  the 
left  anterior  basal  on  the  one  hand,  and  the  right  posterior  basal  on 
the  other.  The  plate  in  question  is  quite  distinct  from  the  peri- 
proctal  plates  of  the  recent  SalerUa,  as  it  is  separated  from  the 
periproct  by  the  oentrodorsal  plate. 

The  relative  size  and  outline  of  the  madreporite  plate,  and  the 
position  of  its  pore,  seem  to  indicate  that  the  supplementary  plate 
has  either  been  separated  from  the  madreporite  plate  at  some  early 
period  of  the  life  of  this  Echinoid,  or  that  its  presence  has  caused 
the  madreporite  plate  to  take  the  somewhat  modified  form  described 
above. 

The  only  abnormal  form  of  PeHtastes  WrtghHi  which  has  hitherto 
been  recorded  is  that  which  is  figured  by  Wright,*  where  the  centro- 
dorsal  plate  is  stated  to  be  wanting  and  the  apical  disc  is  described  ' 
as  being  composed  of  ten  plates.  The  absence  of  the  centro-dorsal 
plate  in  this  specimen,  however,  is  due  to  imperfect  preservation,  as 
the  notches  on  the  inner  edges  of  the  right  and  left  posterior  basals ' 
abutting  against  the  centro-dorsal  clearly  prove  the  former  existence 
of  a  suture-line  with  the  characteristic  pittings ;  consequently  the 
centro-dorsal  plate  must  have  been  present  at  one  time,  but  has  since 
dropped  out.  Further,  the  raised  rim  or  border  which  invariably 
Burrounds  the  whole  of  the  periproct  in  the  normal  specimen,  is 
absent  on  the  anterior  half  of  the  periproct  in  the  specimen  figured 
by  Wright. 

The  presence  of  a  centro-dorsal  and  a  supplementary  plate  in  the 
apical  disc  of  the  specimen  under  consideration,  indicate  a  nearer 
approach  to  that  of  Aeroaalenia  than  is  shown  by  the  normal 
examples,  although  the  supplementary  plate  may  not  be  homologous 
with  any  of  the  supplemental  plates  in  the  apical  disc  of  Acroaalenia, 

VI. — NOTB   ON    A   GbBYWBTHER   AT   BaYSWATEB. 
By  Horace  B.  Woodward,  F.G.S. 

r  attention  was  directed  last  Christmas  to  the  cellar  of  the 
King's  Head,  in  Moscow  Road,  Bayswater.  Some  enlarge- 
ment of  the  premises  was  required,  and  the  base  of  the  cellar  was 
to  be  lowered.  About  a  couple  of  feet  beneath  the  old  floor,  the 
workmen  came  upon  a  block  of  stone,  which  resisted  all  their  efforts 
to  dislodge  it :  and  no  wonder !  The  stone  proved  to  be  a  huge 
Grey  wether,  of  irregular  quadrangular  form,  measuring  9  ft.  6  in.  in 
length  and  also  in  breadth,  and  as  much  as  2  ft  8  in.  (possibly  more) 
in  thickness.  A  portion  of  one  side  appeared  to  be  a  joint-plane ; 
otherwise  the  mass   exhibited  the  ordinary  contours  of  a  concre- 

^  Cret.  Echin.  pi.  xxx.  fig.  2.  '  Ibid.  p.  1.51. 

'  I  am  indebted  to  Mr.  Gregory  of  the  Britiah  Museum  of  Natural  History  for 
this  informatioiu 
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tionary  block  of  sandstone.  The  rook  itself  was  purely  siliceous, 
and  presented  the  familiar  saocharoid  aspect  of  a  Wiltshire  Grey- 
wether.  Clean  sand  was  found  here  and  there  in  hollows  on  the 
surface  of  the  stone,  tending  to  prove  that  it  had  never  been  dis- 
turbed by  human  agency.  It  had  evidently  found  a  natural  restiDg- 
plaoe  in  the  basement-portion  of  the  Thames  valley-gravel,  close 
upon  its  junction  with  the  London  Clay  ;  the  lowest  bed  reached  in 
the  cellar  being  "  stiff  loam."  These  facts  I  was  enabled  to  observe 
under  the  guidance  of  Mr.  B.  J.  Capell  (architect  and  surveyor). 

In  like  situations  near  the  base  of  the  river-gravel,  Orey wethers 
have  been  found  in  many  parts  of  the  Thames  Valley.  Prof.  Morris 
has  noted  their  occurrence  near  Kew  Bridge,  and  they  have  been 
observed  at  Ealing,  in  the  Brent  Valley,  in  the  excavations  for  the 
Courts  of  Justice,  and  again  at  Ilford  and  Grays ;  but  as  Mr. 
Whitaker  remarks  the  blocks  occur  somewhat  rarely.^  Nowhere 
else,  so  far  as  I  am  aware,  has  there  been  found  in  the  Thames 
Valley  deposits,  a  block  so  large  as  the  specimen  now  discovered  at 
Bayswater. 

The  transport  of  the  larger  blocks  met  with  in  the  Thames  Valley 
deposits  has  been  attributed  by  Prof.  Prestwich  to  river-ice,  and  to 
floods  that  imparted  a  torrential  character  to  the  river.' 

Referring  to  the  Grey  wethers  found  at  Grays,  Prof.  Morris 
thought  they  "  may  have  been  originally  derived  from  the  Boulder- 
clay  " ; '  and  although  Mr.  Whitaker  questions  this  explanation, 
tliere  is  evidence  to  show  that  such  blocks  were  dispersed  during 
the  Glacial  period  over  the  country  north  of  the  Thames. 

It  is  well  known  that  over  the  Chalk  tracts  of  Buckinghamshire, 
in  the  area  between  Princes  Hisborough  and  Beaconsfield,  there  is  a 
considerable  extent  of  brick  earth  with  unworn  flints,  Grey  wethers, 
and  occasionally  pudding-stone.  The  brickearth  in  some  places  near 
Hampden  and  Bradenham  is  opened  up  for  the  sake  of  obtaining  the 
stone,  which  is  broken  up  and  shaped  into  small  paving-blocks, 
largely  U8e<l  at  Aylesbury  and  other  places. 

This  brickearth  is  very  closely  associated  with  the  Clay-witb- 
flints,  and  may  be  considered  to  bia  largely  made  up  of  the  wreck  of 
Eocene  strata  commingled  with  accumulations  of  Clay-with-flints. 
Somewhat  similar  beds  occur  on  the  Chalk  tracts  of  the  North 
Downs,  to  which  attention  has  recently  been  directed  by  Professor 
Prestwich. 

In  South  Buckinghamshire  the  brickearth  in  many  places  is 
associated  with  gravel,  and  this  is  largely  made  up  of  subangular 
flints  (derived  chiefly  perhaps  from  subaerial  accumulations),  together 
with  pebbles  of  flint  from  the  Eocene  beds,  and  quartzites.  These 
deposits  stretch  into  Hertfordshire,  where  we  find  patches  of 
Boulder-clay.  In  my  notes  (made  when  mapping  portions  of  the 
area  in  1869)  ^  I  stated  in  reference  to  the  Brickearth  and  Boulder- 

>  Whitaker,  Geology  of  London,  vol.  i.  pp.  330,  397,  etc. 
»  Phil.  Trans.  toI.  cliv.  pt.  2,  pp.  289,  etc.  *  Geol.  Mao.  1867,  p.  64. 

^  See  Whitaker^  op,  cit.  pp.  288,  289  ;  wa.d  "PxeaWviV,  QLxi'&xi.  Joum.  Geol.  Soc. 
roL  X,  pp,  123,  etc. 
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clay  tliat  one  "apparently  passes  into  the  other."  There  is  no 
evidence  to  suggest  that  the  hrickearth  and  gravel  are  newer  than  the 
main  mass  of  Boulder-olay,  but  it  is  possible  there  may  be  lenticular 
masses  of  Boalder-clay  in  the  brickearths  and  gravel,  as  is  known 
to  be  the  case  in  the  neighbourhood  of  Hertford.  Clear  sections, 
however,  were  wanting  in  the  neighbourhood  of  St.  Albans,  where 
I  found  it  difficult  to  draw  a  boundary-line  between  the  hrickearth 
aud  the  occasional  remnants  of  Boulder-clay.  In  any  case  the 
evidence  strongly  favours  the  view  that  the  gravels  and  brickearths 
(with  Greywethers)  belong  to  the  Glacial  period,  and  presumably 
to  that  portion  of  it  to  which  the  "  Middle  Glacial "  deposits  of  East 
Auglia  are  assigned.  Last  year  I  saw  at  the  Ipswich  Museum  a 
lai^  block  of  Hertfordshire  pudding-stone,  which  Dr.  J.  E.  Taylor 
bad  procured  from  the  Middle  Glacial  Sands  of  that  neighbourhood. 
It  was  a  block  measuring  6  feet  x  4  feet  x  1  foot  4  inches,  and 
weighing  about  1^  tons.  Floating-ice,  in  the  shape  of  an  iceberg, 
was,  in  Dr.  Taylor's  opinion,  the  means  by  which  this  block  had 
been  borne  to  its  place  of  entombment. 

The  conclusion  suggested  by  these  facts  is  that,  while  the  pudding- 
stone  and  Greywethers  originated  mainly  in  the  Reading  Beds  and 
in  the  Bagshot  Sands,  many  blocks  were  incorporated  in  the  Drift 
during  the  Glacial  period. 

To  the  Glacial  deposits,  the  Thames  Valley  gravel  owes  the 
greater  portion  of  its  constituents,  the  gravel  was  ready-made,  and 
in  pursuing  its  course  and  widening  its  bounds  the  river  ever  and 
anon  may  have  torn  away  an  accumulation  in  which  one  of  the 
Greywethers  was  imbedded.  The  evidence,  however,  justifies  no 
positive  assertion  with  regard  to  the  Bayswater  Greywether.  The 
nearest  remnants  of  Glacial  Drift  are  six  miles  distant ;  and  it  is 
qnite  possible  that  this  particular  block  may  have  been  derived 
directly  from  an  outlier  of  Bagshot  Sands,  or  it  may  have  been  left 
as  a  relic  of  Pre-glacial  denudation  near  the  spot  where  it  has  now 
been  found. 

VII. — Notes  on  Volcanic  Paroxysmal  Explosions,  and  thb 

Causes  op  Volcanic  Action.* 
By  Thomas   Hart,   F.G.S. 

SINCE  visiting  the  Volcanic  region  of  Central  and  Southern  Italy 
in  the  autumn  of  last  year,  I  have  been  much  exercised  from 
time  to  time  as  to  some  of  the  conditions  which  produce,  and  sustain 
volcanic  activity.  It  seems  to  be  an  undoubted  fact  that  water 
coining  into  contact  with  highly  heated  rock  is  one  of  the  most 
important  requisites  to  produce,  and  sustain  a  volcanic  eruption. 
The  difficulty  has  been  to  explain  how  water  is  introduced. 

In  this  connexion  I  would  mention  that  the  principal  active 
volcanoes  of  the  world  are  in  close  proximity  to  coast-lines,  as 
Chimborazo,  Vesuvius,  or  inland  areas  surrounded  by  the  sea,  as 
Hecla,  Etna,  and  in  New  Zealand  ;  also  in  a  more  special  degree  in 
Buch  island  groups  as  the  Lipari,  Krakatoa. 

^  Bead  at  the  British  ABsociation,  Section  C  (Geology),  Leeds,  1890. 
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I  would  therefore  suggest  that  this 
conservation    of  energy    which    coin« 
eruptions,  the  impetuosity  of  the  can 
the  water  along  with  it  from  fissui-es  in 
to  the  slow  movement  of  percolation. 

In  addition  to  these  forces,  as  the  y 
volcano,  it  will  sooner  or  later  (aooon 
verted  into  steam,  and  produce  a  blaii 
current  of  molten  rock,  ashes,  and  vapc 

We  often  have  illustrations  of  this,  as 
glowing  ashes  through  the  chimney  bn 
extra  strong  blast. 

The  water  may  be  supplied  either  b^ 
the  sea,  or  by  both  combined,  as  well 
or  in  violent  eruptions,  through  fissnr 
which  precede  or  accompany  explosive  v 

It  may  be  well  to  refer  to  the  accou 
Vesuvius  in  a.d.  79,  given  by  Pliny  ' 
**  lliere  had  been  noticed  many  days  bef 
which  had  caused,  however,  but  little  U 
in  Campania.  But  that  night  it  was  ao 
everything  was  being  not  merely  moved,  I 
was  found  that  the  soundings  of  the  1 
attributed  to  the  falling  masses,  but  p: 
owing  to  an  elevation  of  the  sea- bed.*' 

ITierefore  it  would   appear  that  the 
disturbed  by  the  preceding  earthquake 
Bay   of  Naples  to   the   h^of^^    - 
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In  tho  addreas  by  Mr.  Anderson,  President  of  Section  G  at  the 
British  Association  Meeting  held  last  year  at  Newcastle,  at  to  the 
permanent  supply  of  petroleum,  he  refers  to  the  theory  of  Professor 
Mendelief  that  faydrooarhons  in  large  quantities  are  forming  now 
by  the  deoomposition  of  metallic  carbides  through  the  instru- 
mentality of  the  elements  of  water,  deep  in  the  bowels  of  the  earth. 


JB  B  ^  X  B  -yr  s, 

L— Cataloouk  of  thc  Fossil  Fishes  in  the  British  Museum 
(Natubai.  Histobt).  By  Arthur  Smith  Woodward,  F.G.S., 
F.Z.S.    Part  II.     (1891.) 

ONLY  two  years  have  passed  since  the  publication  of  the  first 
part  of  Mr.  A.  Smith  Woodward's  Catalogue  of  the  Fossil 
Fishes  in  the  British  Museum,  and  now,  in  an  almost  incredibly 
short  spaoe  of  time,  we  have  the  second  presented  to  us,  a  goodly 
Tolume  of  567  pages  and  illustrated  by  sixteen  plates.  The  scientific 
puhlio,  as  well  as  the  author,  is  to  be  congratulated  on  the  progress 
of  this  work,  which  is  calculated  not  only  to  be  of  the  greatest  value 
to  all  curators  and  keepers  of  museums  in  arranging  and  determining 
their  collections,  but  to  specialists  themselves  in  prosecuting  further 
researchee  in  the  same  subjects.  Mr.  Woodward  has  exhaustively 
ranBacked  an  immense  amount  of  literature,  which  his  visits  to  other 
maseums,  both  British  and  foreign,  have  enabled  him  more  thoroughly 
to  appraise,  so  that  as  a  book  of  reference  the  work  is  simply 
indispensable  to  those  engaged  in  the  study  of  fossil  ichthyology. 
But  more  than  this,  the  author  has  succeeded  in  boldly  systematizing 
io  a  more  satisfactory  manner  than  has  hitherto  been  attempted  the 
more  advanced  notions  of  classification,  which  have  been  floating 
about  in  the  minds  and  writings  of  those  engaged  in  this  and  cognate 
studies ;  and  he  has  done  it  in  such  a  way  as  to  impress  his  own 
individuality  on  the  work. 

As  regards  classification,  Mr.  Woodward  has,  as  he  acknowledges, 
derived  much  of  his  inspiration  from  Prof.  E.  D.  Cope ;  but  his 
greater  opportunities  for  making  himself  acquainted  with  fossil  forms 
has  enabled  him  advantageously  to  modify  the  arrangements  sug- 
gested by  the  '*  somewhat  fluctuating  "classifications  of  the  American 
systematist,  and  some  of  the  ordinal  and  subordinal  terms  which  he 
bas  adopted  from  that  source  appear  with  their  scope  materially 
clinnged.  We  are  not  surprised  to  find  our  old  familiar  "  Ganoidei  " 
broken  up,  and  the  name  finally  discarded ;  for  this  we  have  long 
been  prepared,  and  especially  since  the  evidence  of  the  evolutional 
continuity  of  the  typical  Ganoids  with  the  Teleostei  showed  that  the 
*' Palaeichthyes  "  of  Giinther  could  not  be  maintained.  Like  Cope, 
Mr.  Woodward  adopts  as  subclasses  of  Pisces  the  Elasmobranchii, 
HoJocephali,  Dipnoi,  and  Teleostomi,  to  which  he  adds  the  Ostracodermi 
(Cope),  including  the  Cephalaspideans  and  Asterolepids,  the  former 
considered  by  Cope  to  be  Agnatha  and  therefore  not  fishes,  while  the 
latter  were  once  placed  by  the  same  author  among  the  Ascidians, 
though  lately  he  has  pronounced  them  to  be  possibly  Ostracoderms. 
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As  regards  the  first  fonr  sabdaases  which  possess  a  demoDstmble 
endoskeleton  in  the  paired  limbs,  Mr.  Woodward  has  constructed  an 
interesting  table  to  express  his  view  that  in  the  evolution  of  their 
members  these  groups  form  parallel  series.  For,  as  has  been  pretty 
well  known  to  palanohthyologists  for  some  time  back,  the  views  of 
Balfour  and  Mivart  that  the  ordinary  Shark*limb  is  a  more  archaic 
and  less  specialissed  form  than  that  of  Ceratodus  (archipterygium  of 
Gegenbaur)  is  directly  contradicted  by  palaeontology.  As  Mr. 
Woodward  well  puts  it,  *'If  in  accordance  with  the  present  teaching 
of  embr}'oIogical  research,  the  paired  limbs  have  been  derived  from 
lateral  folds,  the  primitive  condition  of  these  appendages  still  remains 
undiscovered,  and  their  eA'olution  can  only  be  traced  from  a  com- 
paratively advanced  stage.  All  the  most  generalized  early  Palaeozoic 
fishes  hiUierto  met  with  exhibit  two^airs  of  limbs  of  the  paddle-like 
form  termed  archipterygium  by  Gegenbaur,  and  subsequent 
specialization  has  resulted  in  the  gradual  atrophy  of  these  limbs 
usually  with  a  concomitant  development  of  the  fringing  dermal  rays 
(actinotrichia).**  Recently  an  interesting  attempt  has  been  made  by 
Prof.  Anton  Fritsch  to  show  that  though  Gc^nbaur  is  undoubtedly 
right  in  holding  the  modern  Shark-limb  to  be  specialized  from  the 
archipter}'gium,  yet  the  archipterygium  itself  may  have  been  originally 
developed  from  a  series  of  parallel  rays.*  And,  as  observed  by  Cope, 
some  remains  of  this  ancient  fin-fold  may  possibly  be  indicated  by 
the  two  ventral  rows  of  spines  in  some  Devonian  Acanthodei. 

The  present  part  contains  the  remainder  of  the  £lafmobranehn, 
the  Holocephali,  the  isolated  Ichthyodorulites,  the  Ostracodermi,  the 
Diyuoi,  and  a  part  of  the  Teleoiflctni,  including  the  Crospopterygii 
and  the  Acipenseroid  families  Palseoniscidae  and  Platysomidas. 

Elasmobranchii. 

Here  Mr.  Woodward  follows  Liitken  and  Fritsch  in  including  the 
Acanthodei  in  this  subclass,  and  as  the  want  of  evidence  of  any 
opercular  apparatus  renders  it  probable  that  the  branchial  clefts 
opened  separately  on  the  exterior,  this  may  indeed  be  the  best  place 
to  put  them  in  the  meanwhile.  The  remarkable  deviation  from  the 
ordinary  Elasmobranch  type,  exhibited  by  their  paired  fins,  the 
author  explains  as  due  to  extreme  specialization  (abbreviation)  and 
his  idea  is  that  the  Acanthodians  "  occupy  the  same  position  in  the 
Elasmobranch  phylum  that  is  held  at  the  present  day  by  the 
Actinopterygians  in  that  of  Teleostomi."  llie  account  given  of  this 
group  is  one  of  the  most  interesting  sections  of  the  book,  and  he  gives 
an  original  restoration  of  Acanthodes  Wardi,  Eg.,  which  is  a  con- 
siderable improvement  on  the  old  and  well-known  figures  of  Roemer 
and  Lutken  (A,  Bronni),  though  the  orbit  is  too  small,  the  peculiar 
fringe-like  contour  of  the  ventral  fin  is  not  given,  and  I  am  also 
inclined  to  hold  that  in  representing  the  fish  with  prominent  branchial 
*'  frills  "  after  the  manner  of  the  recent  Chlamifdoselache  the  author 
is  going  beyond  the  legitimate  limits  of  "  restoration.'*  The  limits- 
tion  of  the  family  term  Acanthodida  to  those  genera  with  one  dorsal 

'  **  Fauna  der  Ga»ko\i\e,"  "foV  m. ^vK.'^^.  W, 
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fin  and  spine  is  quite  right,  but  I  am  not  so  certain  that  making  two 
separate  families  Isehnacanthida  and  Diplacanthida  out  of  tliose  with 
two  is  equally  justifiable.  The  only  difference  which  Mr.  Woodward 
gives  between  these  two  snppotied  families  is  the  absence  of  ''  clavi- 
cular** bones  in  the  former  and  their  presence  in  the  latter,  and  I, 
for  one,  am  at  present  perfectly  convinced  that  the  element  which 
be  calls  "  clavicle  '*  in  Dipiacanthus  is  identical  with  that  which  he 
considers  as  '*  baeal  cartilage  *'  in  Aennthodea  and  Ischnacanihtis.  It 
seems  also  somewhat  inconsistent,  that  he  should  give  in  his  definition 
of  DiplaeanthtM  "  a  pair  of  free  spines  situated  between  the  pectoral 
and  ]:)elvic  fins,"  while  be  persists  in  rejecting  the  genus  Meaacanthus, 
which  is  distinguished  from  Acanthodes  by  the  possession  of  that 
identical  character ! 

HOLOCBPHALI. 

Next  come  the  Holocephali  with  the  single  order  Chimseroidei, 
wbich  is  divided  into  the  four  families  of  PtyctodontidsB,  Squalo* 
raiidsB,  Myriacanthidse,  and  Ghiinsdride.  After  these  have  been 
treated  of  we  have  a  section  upon  the  isolated  Ichthyodorulites, 
some  of  which  appertained,  no  doubt,  to  Chim»roids  as  well  as  to 
Elasmobranchs. 

OSTRAOODEBMI. 

We  now  enter  a  group  of  problematical  organisms,  concerning 
whose  position,  the  analogy  of  recent  forms  affords  us  compara- 
tively little  clue  ;    these  are  the  Cephnlaspidea  of  Agassiz,  minus  the 
Coccosteans.     The  Coccosteans  and  Asterolepids  were  removed  by 
M'Coy  from  Agassiz's  Cephalaspides  te  form  the  order  Placoderroata, 
the  remainder  were  divided  by  Lankester   into  two  well-marked 
though  allied  groups,  the  Heterostraci  and  Osteostraci,  exemplified 
by  Pteraspis  and  Cephalaspis  respectively.     These  two  groups  form 
the  Ostracoderrai  of  Cope,  who  considered  them  to  be  Agnatha,  as 
no  remains  of  lower  jaw  had  been  discovered  in  them ;  latterly  he 
hinted  that   the  Asterolepids  which  he  had  previouBly  assigned  to 
the  Asoidians,  as   a  group  termed  Antiarcha,    might  also   belong 
here.     This  is   the  grouping  now  adopted  by  Mr.  Woodward,  but 
he  takes  the  additional  step  of  replacing  these  creatures  among  the 
fishes,  justly  remarking,  "That  there  were  no  hard  parts  around 
the  mouth  and  in  relation  to  paired  appendages  capable  of  being 
preserved   under  ordinary  conditions  of  fossilization   seems  to   be 
eatisfactorily  demonstrated ;   but   there   is  no  justification  for  any 
further  statement  that  jaws,  pectoral  and  pelvic  arches  were  absent." 
And  certainly  it  seems  diflficult  for  any  one  to  take  into  consideration 
the  fact  that  the  plates  of  Pterichthya  are   made  of  true  bone,   to 
look  at  its  system  of  lateral  sense-canals,  as  well  as  its  scaly  tail 
and  fins,  and  yet  to  doubt  that  it  is  really  a  fish.     Mr.  Woodward's 
comparison  of  the  structure  of  the  Asterolepids  and  Ostracostei  is  of 
great  interest,  pointing  out,  as  he  does,  the  similarity  of  the  position 
of  the  orbits  and  of  the  interorbital  pineal  plate,  the  resemblance  of 
the   scaly  tail  of  Pterichthya  to    that  of  Cephalaspta,  while  he  at 
the  same   time   finds  an  analogy  between   the  ventral  shields  gf 
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some  genera  {DidymaBpiSf  Tremataipis)  and  the  ventral  plates  of 
Pteriehthya. 

In  plates  v.  and  vi.  figares  of  the  British  species  of  Plench(ki/i 
are  given,  which  are  a  great  improvement  on  the  old  figures  of 
Agassiz.  In  plate  v.  fig.  10,  however,  the  central  plate  of  the 
lower  arm  is  lettered  **  anconeal,"  and  a  portion  of  the  terminal  one 
"  central,"  the  same  mistake  occurring  also  in  pi.  vi  fig.  4. 

Dipnoi. 

The  Dipnoi  are  made  to  include  two  orders,  Sirenoidei  and 
Arthrodira.  The  Sirenoids,  which  are  characterized  hy  'their 
archipterygial  paired  fins,  and  bodies  covered  with  imbrioating 
scales,  are  divided  into  the  four  families  of  Dipteridaa,  Phanero- 
pleuridsa,  Gtenodontido,  and  Lepidoeirenidee ;  but  this  arrangement 
leaves  room  for  revision,  as  Uronemus  cannot  be  incladed  in  the 
Phaneropieuridsd,  however  much  it  resembles  Phaneropleuron  in 
external  shape.  Under  Ctenodontidee  a  somewhat  serious  error 
occurs  in  connexion  with  the  description  of  a  fine  cranial  shield  of 
Cieiiodut  eri8tatu8,  which  is  also  beautifully  figured  in  plate  iv. 
Here  Mr.  Woodward  states  (p.  253)  that  **the  median  series  of 
bones  is  arranged  exactly  as  in  Aeipenser  and  Polyodon.**  The 
arrangement  does  indeed  resemble  that  in  Aeipenser,  but  not  in 
Polyodon,  in  which  there  is  no  large  median  plate  at  the  back  of 
the  shield,  but  two  plates  corresponding  to  the  parietals  of  Palaeo- 
niscidsB  and  Chondrosteidaa,  and  like  them  being  in  contact  in  the 
middle  line.  Another  mistake  occurs  on  p.  234,  in  which,  referring 
to  what  he  gives  as  the  *'  upper  dental  plates  "  of  the  same  species 
(fig.  36,  No.  2),  he  says  that  they  are  **  somewhat  inaccurately  drawn, 
the  oral  aspect  being  in  reality  concave."  But  the  fact  is  that  they 
are  quite  accurately  drawn,  but  unfortunately  represent  the  lower 
and  not  the  upper  dental  plates  of  the  species  in  question.  It  is, 
however,  fair  to  state  that  this  error  originated  with  the  late  Messrs. 
Hancock  and  Atthey,  from  one  of  whose  plates  the  figure  in  question 
is  copied.' 

Coccosteus  and  its  allies  Mr.  Woodward  boldly  places  in  the 
Dipnoi,  where  they  form  the  order  of  Arthrodira,  which  he  considers 
to  bear  ''the  same  relation  to  the  Sirenoidei  that  the  Acanthodians 
seem  to  hold  with  respect  to  the  primitive  Elasmobranchs  (Ich- 
thyotomi)  or  the  Actinopterygians  with  respect  to  the  primitive 
Teleostomes  (Crossopterygii)."  This  is  an  attractive  solution  of 
the  question  which  has  often  been  hinted  at  since  the  discovery  of 
Dinichthys  and  its  Lepidosiren-Mke  teeth  by  Prof.  Newberry.  It 
may  be  so,  and  though  I  myself  am  one  of  those  who  have  enter- 
tained the  idea,'  I  scarcely  feel  yet  that  the  matter  is  sufficiently 
ripe  for  definitely  raising  the  Arthrodira  beyond  the  rank  of 
^'incertce  sedis.'*  It  may  be  that  they  were  autostylic,  as  Mr. 
Woodward  thinks  is  so  probable;  but  the  absence  of  an  osseous 

^  Ann.  and  Mag.  Nat.  Hist.  U],  vol.  rii.  pi.  xiv. 

'  **  It  seems  therefore  not  unlikely  that  the  PUteod^mnta  will  eventually  turn  out 
to  have  been  an  aberrant  group  of  \or\cat«d  T^'vpuvA " — 13^,  \L.  Ttuityiair,  in  Proc. 
JCvf.  PhjB.  Soc.  Edinburgh,  vol.  v.  p.  15^  (>tt1^-ftOV 
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hyomandibnlar  is  no  sure  eTidenoe  that  it  did  not  exist  in  a  cartila- 
ginous oondition.  An  important  discovery  is  that  of  basal  elements 
of  a  Yontral  fin  in  CoeeosUsuBj  which  does  not  seem  to  have  been 
archipterygial,  bnt  abbreviate,  and  though  this  in  the  minds  of 
some  would  militate  against  these  forms  being  classified  with  the 
Dipnoi,  it  18  in  accordance  with  Mr.  Woodward's  theory  of  their 
evolutional  relationship  to  the  Sirenoidei.  It  is  satisfactory  that 
the  author  gives  no  countenance  to  Prof,  von  Eoenen's  idea  that 
a  pectoral  limb  may  yet  be  discovered  in  CoecosUw  deeipietM, 

TSLKOSTOMI — CBOBSOFTBBYGn. 

Mr.  Woodward  sabdivides  the  Teleostomi  into  Orossopterygii  and 
Actinopterygii ;  the  former  including  the  Bhipidopterygii  of  Cope, 
the  latter  Uie  Podopterygii  of  the  same  author. 

The  Grossopterygii  are  divided  into  Haplistia,  Hhipidistia,  Actinis- 
tia  and  Cladistia.  The  Haplistia  are  not  however  the  Haplistia  of 
Cope,  who  established  the  order  for  the  Dipnoan  Phaneropleuron, 
for  instead  of  it  we  have  the  problematical  Tarrasiidee,  whose 
relationship  to  the  Grossopterygii  I  have  myself  indicated  in  a 
recent  paper,  though  1  am  far  from  believing  that  the  question  of 
its  position  is  in  any  way  settled,  and  indeed  Mr.  Woodward  only 
places  Tarrasius  here  provisionally.  It  certainly  has  an  obtusely 
lobate  pectoral  fin,  which  I  bad  the  pleasure  of  pointing  out  to 
Mr.  Woodward  during  a  visit  which  he  paid  to  Edinburgh  in  the 
spring  of  last  year. 

In  the   Rhipidistia  Cope  included   only   the    Bhizodont  genus 
Triittchopterus,  which  was  thus  removed  from  its  own  family,  the 
other  members  of  which  he  joined  with  the  Holoptychiidaa    and 
OsteolepitUe  into  another  order,  that  of  the  Taxistia.    Very  properly 
Mr.  Woodward  fuses  those  two  orders,  for  which  he  adopts  the  name 
Rhipidistia,  containing  the  families  HoloptychiidsB,  Ehizodontidse, 
Osteolepidsd  and  Onychodontidaa.     This  is  indeed  a  natural  group, 
for  though  the  Holoptychii  differ  in  some  salient  points  from  the 
other  families  here  associated   with  them,  they  are  also  bound  to 
them  by  obvious  points  of  similarity  which  cannot  be  overlooked. 
Mr.  Woodward  adopts  the  view  which  I  have  so  repeatedly  main- 
tained, that  the  Dendrodonts  and  Holoptychians  are  one  and  the 
same  thing ;  but  he  does  not  clearly  express  the  difference  between 
the  Dendrodont  and  Rhizodont  type  of  tooth  structure.     Also  when 
he  says  that  in  the  RhizodontidsB  the  vertical  infoldings  of  the  walls 
of  the  teeth  are  **  comparatively  few  and  simple,*'  and  in  the  Osteo- 
lepidse  only  slightly  infolded  at  the  base,  surely  he  cannot  have 
examined  sections  of  the  base  of  the  teeth  in  the  larger  genera  of 
both  families,  such  as  Rhizodus  or  Megalichthys^  in  which,  simple 
though   the  folds  may   be  at   the  commencement  of  the   external 
Anting,  as  they  pass  down  to  the  root  of  the  tooth  they  assume  a 
com])iexity  which,  especially  in  BhtzoduSf  is  absolutely  wonderful 
as  well   as   beautiful,  though  the  vertical  tubes  formed  by  this  in- 
folding never  form  an  interlacing  network  as  in  the  Dendrodont 
type. 
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abwlntely  disappear  ;  but  whether  the  more  advanced  position  of 
the  clonal  fiu  in  some  cases  than  in  others  is  eAuo  to  \ye  considered  as 
a  mark  of  specialization  requires  further  oonKideration. 

The  PlatysoniidaB,  which  Mr.  Woodward  calls  *'  Platysomatidn  '* 
fiDuh  the  volume,  and  are  handled  with  the  same  care  which 
characterizes  the  whole  of  the  work.  Of  Dorypterus  the  author 
remarks  that  it  is  **  here  regarded  as  a  highly  specialized  ally  of  the 
bmily  destitute  of  sqoatnation  on  the  flanks."  In  this  he  is  iin- 
dunbtedly  right,  but  it  is  much  to  be  regretted  that,  owing  to  the 
great  rarity  of  this  remarkable  fish,  nothing  definite  is  as  yet  known 
of  its  cranial  structure. 

It  would  be  impossible  within  the  limits  of  a  review  to  enter  into 
questions  as  to  the  retention  or  rejection  of  various  genera  and 
KpecieB.  As  regards  the  fishes  of  the  Scotch  Old  Red  Sandstone  I 
am,  however,  pleased  to  find  that  Mr.  Woodward  acquiesces  in  the 
extensive  slaughter  of  psendo- species  which  I  proposed  in  this 
Hagazine  a  little  more  than  two  years  ago.  These  and  other  things 
too  can  only  be  discussed  by  the  writers  of  future  memoirs  dealing 
ipecially  with  the  matters  ooncemed. 

A  word  now  as  to  nomenclature.  I  am  sorry  to  see  that  Mr. 
Woo<lward  adheres  to  the  present  fashionable  craze  of  writing  all 
specific  names  with  a  small  initial  letter,  even  when  they  represent 
the  names  of  persons.  It  is  really  no  compliment  to  any  one  to 
bave  a  species  called  after  him,  if  he  is  to  find  his  name  spelt  in  so 
grotesque  a  fashion. 

Mr.  Woodward,  instead  of  the  classically  correct,  but  decidedly 
cacopbonic  "  Osteolepididaa  "  and  **  Asterolepididas,"  uses  "  Osteo- 
lepidfe"  and  "  Asterolepid» " — "from  the  point  of  view  of  euphony." 
Why  then,  instead  of  "  Platysomidae,"  does  he  write  "Platy- 
lomatidsB,"  which  sounds  nearly  equally  badly,  while  the  change 
seems  to  me  more  than  wholly  uncalled  for?  It  is  true  that  awfia, 
a  body,  has  for  its  genitive  aw/iaro^,  but  the  name  of  the  type  genus 
of  this  family  is  not  *^ Plat y soma"  but  PlatysomuSy  and  though 
AgaBsiz  in  compounding  this  name  used  two  Greek  words,  the 
latter  of  which  was  a  neuter  substantive,  he  made  out  of  them,  as 
he  was  quite  entitled  to  do,  a  new  Latin  masculine  word,  and  there- 
fore "  PlatysomidsB  "  is  perfectly  correct. 

On  the  same  principle  I  devised  some  new  generic  names  such  as 
Microhraehitis,  Eucteniu8,  Cynopodias,  and  I  am  curiouR  to  know  why 
Mr.  Woodward  has  altered  the  first  of  these  into  "  Microhrachium." 
If  it  is  because  the  Latin  for  "  arm "  is  brachium  and  the  Greek 
Ppaxtwu,  then  surely  to  be  consistent  he  ought  to  write  not  only 
Flatysoma,  but  also  Oyracantha,  Graphiura  and  Amhiypterum  1  for 
certainly  in  my  Greek  dictionary  the  words  for  thomf  tail,  and  wing, 
respectively,  are  y  uKavOa^  ^  ovpa,  and  to  trrepov. 

The  sixteen  lithographic  plates  are  from  the  accomplished  pencil 
of  Miss  G.  M.  Woodward,  and  it  is  impossible  to  speak  in  too  high 
terms  of  their  excellence  as  well  as  works  of  art  as  illustrations  of 

scientific  fact. 

K.  H.  Tbaqtjaib, 
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IL — Notes  on  the  Geology  or  Atrbhibk.    By  Jambs  Livdbat, 
M.A.,  B.D.,  B.Sa,  F.G.S.     8vo.  pp.  31.     (Glasgow,  1890.) 

IN  this  pamphlet  the  author  gives  a  sumniary  of  what  is  known 
about  the  geology  of  Ayrshire,  and  points  out  many  leading 
faots  that  are  of  general  geological  interest  and  significance. 
Prof.  Lapworth's  researches  on  the  Girvan  rooks  natnrally  daim 
especial  attention,  and  the  various  fossiliferous  stages  in  these 
Ordovician  and  Silurian  rocks  are  duly  noted.  The  Ballantrae  rocks 
have  yielded  a  Graptolitic  fauna  believed  to  be  of  Arenig  age,  but 
many  of  the  rocks  so  grouped  may  be  of  earlier  age.  Above  them 
come  the  Girvan  rocks  ranging  from  Llandeilo-Bala  to  Wenlock, 
while  rocks  probably  belonging  to  the  Ludlow  Series  are  also 
noticed.  The  Lower  Old  Red  Sandstone  yielding  CephalasptM 
LyeUi,  and  the  Upper  beds  with  Holoptyehim  and  Plerichthys,  are 
represented  in  Ayrshire ;  but  the  beds  on  the  whole  contrast  strongly 
in  their  comparatively  barren  character  with  the  older  fossiliferous 
rocks.  The  author  (quoting  Dr.  A.  Geikie)  mentions  the  occurrence 
in  the  heart  of  the  Old  Red  Sandstone  series  of  Arran,  of  marine 
limestone-bands  containing  Carboniferous  Limestone  fossils ;  thus 
proving  that  prior  to  the  termination  of  the  Upper  Old  Red  Sand- 
stone, the  fauna  of  that  Limestone  already  existed  outside  the  area. 
Nevertheless  We  find  a  development  of  Calciferons  Sandstones  at 
the  base  of  the  Carboniferous  Limestone ;  and  this  Limestone  is 
represented  with  lower,  middle,  and  upper  divisions,  underlying  the 
Coal-measures.  The  lower  limestone  swells  out  to  100  feet  thick, 
and  is  the  most  massive  bed  of  limestone  in  any  part  of  the  Scottish 
Carboniferous  system.  The  leading  fossils  of  the  divisions  are 
mentioned,  and  in  the  central  portion  come  the  black-band  ironstone 
and  some  coal-seams. 

The  Permian  strata,  the  Volcanic  rocks,  and  the  Drift  accumulations 
also  receive  due  attention.  Thus  we  may  commend  this  little  work 
to  all  who  seek  acquaintance  with  the  geology  of  Ayrshire. 


UL — Contributions  to  the  Tertiary  Fauna  op  Florida,  with 
Especial  Reference  to  the  Miocene  Silex-beds  op  Tampa, 
AND  THE  Pliocene  Beds  op  the  Caloosahatchie  River.  Part  I. 
By  W.  H.  Dall,  A.M.  (Trans.  Wagner  Free  Inst,  of  So.  of 
PhUadelphia,  Vol.  III.  (1890),  pp.  1-178,  12  plates.) 

THIS  memoir  deals  almost  exclusively  with  the  Pulmonate, 
Opisthobranchiate  and  Orthodont  Gasteropods  of  the  Upper 
Tertiaries  of  Florida.  The  author  states  that  he  hopes  it  <*  will 
make  a  beginning  in  the  direction  of  a  better  and  more  natural 
classification  of  our  (American)  Tertiary  molluscs,  and  of  a 
clearance  of  the  ground  of  synonyms,  erroneous  identifications, 
and  other  misconceptions.**  Mr.  Dall's  knowledge  of  recent  and 
fossil  Gasteropods,  not  only  of  the  American  continent,  but  of  Europe 
and  other  parts  of  the  world,  has  been  of  immense  service  to  him 
7/2  dealing  with  the  present  subject^  as  is  evinced  by  the  astute 
oriticisma  with  which  the  memoit  is  ewxViYiQ^. 
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The  in^Batest  interest,  perhaps,  centres  round  the  Volutida,  where 
the  origin  of  the  oolumellar  plications,  their  obliquity,  number  and 
form,  and  the  characters  of  the  nuclei  are  set  forth  at  great  length ; 
forming  a  most  important  contribution  to  our  knowledge  of  the 
morphology  of  this  group,  and  which  cannot  fail  to  become  classical 
material.  The  author  states  :  **  The  indications  are  pretty  clear  that 
from  the  Mesozoio  Ikaida  are  descended,  on  the  one  hand  Tudtclaf 
IWgnr,  Fasciolaria,  and  Latirug ;  and  on  the  other  Volutomorpha, 
ToftUoderma,  VolutilitheBy  Lyria,  Voluta,  Caricella,  Scaphella,  Aurinia, 
Tnrhinella  proper  and  Vasum.** 

Considering  the  extensive  range  of  the  monograph,  there  are  very 
few  slips.  We  may  point  out,  however,  that  the  sub-genus  Subularia, 
Monterosato.  1884,  should  be  substituted  for  Leiostraea,  H.  and  A. 
Adams,  1853  (non  Albers,  1850).  The  genus  Tritonium,  Link,  1807, 
ihould  disappear,  that  name  having  previously  been  employed  by 
Mailer,  1776,  for  a  different  mollusc ;  whilst  Nassaria,  Link,  1807, 
fide  H.  and  A.  Adams,  1853  (non  Dumeril,  1806),  should  be  replaced 
by  Sindaia,  Adams,  1850. 

Aneillaria,  Lamarck,  1810,  is  synonymous  with  Ancilla,  Lamarck, 
1799,  and  the  latter  name  should  therefore  be  preferred.  Tomattna, 
Adams,  1850,  should  take  the  place  of  UtrictUus,  firown,  1845  (non 
Schomacher,  1817).  The  name  Polygyra  cereolua  microdontaj  Dall, 
is  barely  in  accordance  with  the  rules  of  nomenclature. 

The  author  is,  notwithstanding,  to  be  sincerely  congratulated  on 
the  production  of  a  monograph  of  such  unquestionable  value,  the 
like  of  which  has  certainly  never  before  appeared  in  the  United 
States.  We  anxiously  await  the  publication  of  Part  II.,  which 
will  contain  descriptions  of  the  remainder  of  the  Gasteropoda,  the 
Scaphopoda  and  the  bivalves.  G.  F.  H. 

IV.  —  Thb  Autobiography  of  thb  Earth.  By  Rkv,  H.  N. 
Hutchinson,  B.A.,  F.G.S.  Small  8vo.  pp.  290.  (London, 
Edward  Stanford,  1890.) 

THIS  little  volume  is  a  popular  exposition  of  geology  intended  for 
the  use  of  general  readers,  to  whom  ordinary  text-books  are 
"dry,  uninteresting,  and  even  quite  unintelligible."  Within  the 
space  of  300  pages  all  the  principal  features  both  of  physiography 
and  stratigraphy  are  discussed,  beginning  with  the  nebular  theory 
and  terminating  with  the  advent  of  man  ;  and,  notwithstanding  the 
brevity  and  condensation  which  the  treatment  of  so  vast  a  subject  in 
BQch  limited  space  entails,  Mr.  Hutchinson  is  to  be  congratulated  on 
the  manner  in  which  he  succeeds  in  converting  bare  statements  of 
fact  and  theory  into  pleasant  and  entertaining  gossip.  One  leading 
feature  of  the  book  is  the  care  bestowed  by  the  author  in  explaining 
the  methods  by  which  many  of  the  broad  conclusions  of  the  geologist 
have  been  attained  ;  while  another  feature  tending  U)  popularize  the 
^"bject  and  render  it  intelligible  is  the  manner  in  which  the  operations 
of  the  various  geological  agents  are  treated  successively  amid  strati- 
graphical  considerations,  as  the  diflferent  rock-structures  requiring 
explanation  are  encountered. 
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It  is  difficult  for  one  accnstoroed  to  tbe  literatare  of  geolc^  and 
palseontology  to  judge  how  far  the  present  volume  will  meet  the 
popular  demand ;  but  we  are  inclined  to  think  that  in  some  cases 
the  use  of  imperfectly  defined  technical  terms  and  expressions  will 
present  difficulties  to  the  general  reader.  The  occasional  indis- 
criminate use  of  synonymous  terms  (e.g.  Carboniferous  Limestone 
and  Mountain  Limestone)  without  explanation  also  seems  unfortunate; 
and  it  would  be  well  to  attend  to  these  points  in  a  subsequent 
edition.  On  the  other  hand,  for  a  compilation  extending  over  so 
wide  a  field  the  work  before  us  is  remarkably  free  from  errors,  and 
all  the  mistakes  worthy  of  note  seem  to  be  confined  to  palseontological 
and  zoological  subjects.  Brachiopods  and  Polyzoa  are  very  far 
from  being  Molluscs,  as  the  author  regards  them  ;  and  the  origin  of 
the  name  "  Foraminifera "  is  inaccurately  stated  on  p.  98.  The 
Devonian  **  dicotyledon  "  (p.  86)  admits  of  a  more  reasonable  inter- 
pretation than  that  originally  suggested  by  Sir  William  Dawson; 
and  the  Carboniferous  fruit  "  migonocarpon  "  ought  to  be  **  trigono- 
carpon."  Several  Brachiopods  are  mentioned  on  p.  96  as  if  they 
were  Corals ;  and  the  first  appearance  of  "  Sharks,"  as  generally 
understood,  is  not  in  the  Jurassic  (p.  204),  but  in  the  Upper  Silurian. 
European  Cretaceous  Mosasaurs  are  more  numerous  than  the  author 
supposes  (p.  235)  ;  and  the  Eocene  Snake,  PalaophiSy  is  far  from 
being  a  Boa-constrictor  (p.  242).  Inhere  are  also  several  misprints, 
such  as  Jlyperodopedon  for  Hyperodapedon,  Notosaurus  for  Nitfhosanrus, 
Simoliophis  for  Cimoliophis,  and  Unitaiherium  for  TJiniatherium. 
These,  however,  are  small  matters,  and  we  only  call  attention  to 
them  in  view  of  a  second  edition,  which  ought  soon  to  be  required. 
As  a  reliable  and  entertaining  introduction  to  the  subject  of  which  it 
treats,  the  work  is  a  valuable  addition  to  popular  scientific  literature. 

V. — A     BiBLIOOBAPHT     OF     pALiEOZOIO     CrUSTACKA     FROM     1698     TO 
1889,    INCLUDING    A    LiST    OF    NoRTH    AMERICAN    SpBOIKB    AND    A 

Systematic  Arrangement  of  Genera.    By  A.  W.  Voqdes.    8vo. 
pp.  177.     Washington  (U.  S.  Geol.  Survey,  Bull.  No.  63,  1890), 

MR.  YOGDES*  carefully  compiled  Bibliography  and  Catalogues 
of  Palaeozoic  Crustacea  are  doubly  welcome,  when  we 
remember  the  extraordinary  carelessness  of  compilation  and  abund- 
ance of  misprints  in  some  recent  publications  of  a  similar  nature 
which  have  reached  us  from  America.  Mr.  Vogdes  not  only  shows 
an  intimate  knowledge  of  his  subject,  but  also  his  perfect  competence 
to  refer  to  a  book  accurately  and  fully.  The  whole  work,  indeed, 
bears  evidence  of  a  careful  and  painstaking  endeavour  to  produce 
the  best  results  possible,  instead  of  a  hasty  scramble  through  such 
books  as  are  to  be  found  in  the  library  of  a  minor  town,  and  whole- 
sale  misquotations  from  others  which  the  compiler  has  never  seen 
and  does  not  trouble  to  find. 

There  are  very  few  mispnnts,  and   in   reading  his  proofs  Mr. 

Vogdes  has  had  the  assistance  of  Prof.  U.  P.  James.     The  references 

are  full;   there  is  no  irritating  seiiea  o^  \\\\l\al  letters   used   in 

quotation  :    thus   no   doubt   can  \>©  eiiVetVsAXi^  %&  \tt  >^^  'hiw^l 

referr^'^  ' 
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The  Biblic^rapby  oooapies  the  first  78  pages,  the  Catalogue  of 
Trilobitea  from  pp.  81-148,  and  the  Gatalogue  of  Pal83ozoio  non« 
Trilobites  [nnfortanate  word]  pp.  151-177,  a  brief  appendix  of  seven 
pBf^  being  included  with  the  author's  edition. 

This  Bibliography  will  be  exceedingly  valuable,  and  will,  with 
the  Catalogues,  considerably  lighten  the  labours  of  those  who  work 
in  PalsBozoio  Crustacea  and  Araohnida. 

It  would  be  ungenerous  to  find  fault  with  so  careful  a  work,  but 
we  may  perhaps  be  permitted  to  refer  to  two  points  in  the  hope 
that  Mr.  Yogdes  will  consider  them  in  his  second  edition.  In  the 
first  place,  when  a  species  is  referred  to  more  than  once,  it  seems 
desirable,  instead  of  reprinting  the  name  itself,  to  substitute  a 
,  and  at  the  same  time  to  represent  the  name  of  the  original 
author  in  a  similar  manner.  There  could  then  be  no  doubt  as 
to  whether  or  no  the  same  specific  name  had  been  used  by  two 
authors  for  different  forms.  Take  for  instance  Leperditia  alia, 
Conrad  sp.  Five  authors  have  referred  to  alia,  and  though  the 
apecialist  may  know  there  is  only  one  L,  alia,  doubt  cannot  fail  to 
oppress  the  mind  of  the  novice.  It  would  be  absolutely  clear  if 
three  dashes,  representing  respeotively  generic,  trivial,  and  authors* 
names,  were  used  before  the  name  of  the  authors  referring  to  the 

particular  species,  thus  —  Vogdes,  Bibl.  Pal. 

Crust.,  eta  In  the  second  place,  it  would  have  been  better  had 
Mr.  Yogdes  enumerated  separately  the  new  generic  and  specific 
Dames  that  he  has  suggested  in  his  Catalogue,  as  in  a  work  of  this 
kind  they  are  especially  liable  to  be  overlooked.  C.  D.  S. 

VI. — On  an  Erect  Tbbk-stump  with  Roots,  from  the  Coal  op 

PlESBERO,  NEAR  OSNABRIJOK.      By  H.  PoTONli. 

Der  im  Liohthof  der  Eoniol.  geologisohen  Lamdbsanstalt 
UND  Beroakadehie  aufgestellte  Baumstumpf  MIT  Wurzeln 
Aus  DEM  Carbon  dks  Piesberges.  Yon  Herrn  H.  Potoni^. 
[Jahrbuch  der  Eonigl.  preuss.  geologischen  Landesanstalt, 
1889,  s.  246.] 

THE  **  tree  stump  with  roots  "  which  forms  the  subject  of  the 
present  notice  was  found  in  the  Piesberg  Colliery  near  Csna- 
briick  standing  in  its  natural  position  at  right  angles  to  the  plane  of 
the  bedding. 

Several  specimens  have  been  found  in  the  same  locality.  Cf  the 
two  largest  specimens  one  is  now  in  the  Csnabruck  Museum,  the 
other,  described  in  detail  by  Potonie,  in  the  Berlin  Bergakademie. 

The  latter  specimen  is  displayed  to  advantage  in  the  Berlin 
Museum,  as  one  sees  from  the  excellent  photograph  in  Potonie's 
paper,  and  reminds  one  of  the  giant  Siigmaria  recently  added  to  the 
Owens  College  Museum,  Manchester.  In  the  Berlin  Siigmaria 
there  is  much  more  of  the  stem  preserved  than  in  the  Manchester 
example ;  in  neither  specimen  can  one  determine  to  what  species 
the  tree  should  be  referred,  nor  indeed  with  any  certainty  fix  the 
genus,  whether  Lepidodendron  or  Sigillaria,  From  such  surface 
markings  as  are  preserved  on  the  roots  Potonie  names  the  Stigmariau 
{K)rtion  Siigmaria  ficoides  (Broug.),  var.  ttkegua/is  (Oo^^p.") 


,»tu   uiaiicii  Has   a   u 

compares    tlie    dichotoinous    brancbinj 
Inoet*.'H.     Photographs  are  given  of  sue 
the  carbonaceous  covering  shows  any  si 
in   the   form   of   more  or  less    spirall 
prominences,  wbich  represent  the  poi 
medullary  rays  from  the  wood  into  the  < 
Attention    is    called    to    a    well-ma 
('*  Langsstreifung  ")  on  the  surface  of  t 
is  regarded  by  Potonie  as  the  expressio 
of  the  wood.      For  this  st nation,  which 
decorticated  Zepidodendra  and  SigiUaria 
is  proposed. 

VII. — Thb  Maltese  Islands,  with  Spi 
GcoLooiCAL  Structure.  By  John 
F.R.SE.  Scottish  Geographical  Mf 
Geological  Map  and   Sections,  Two 

THE  Scottish  Geographical  Meigazine 
most  important  geological  serials  f 
This  paper  by  Dr.  Murray  is  only  on 
tributions  to  geology  which  have  been  p 
Geology  of  Malta  was  sadly  in  need  of  s 
the  previous  observations  of  others,  and 
experience.  Dr.  Murray  has  done  this  w( 
a  fairly  complete  bibliography  has  e 
geologists,  as  well  as  those  of  the  stu 
The  first  eleven  pages  (pp.  449-459)  of  t 
a  brief  history  of  the  islands  (Malta,  Go} 
Filfola),  eeocTAnhinoi   -i:-^-—  ^ 
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by  Frederiok  Pearoey.  These  lists  are  exceedingly  interesting  in 
connexion  with  the  recent  Foraminiferal  fauna  of  the  Mediterranean. 
Analyses  of  the  different  rocks  are  given,  and  the  probable  depth 
of  water  in  which  they  were  deposited  is  discussed.  Remarks  on 
the  economic  value  of  the  rocks  as  building  material,  and  interesting 
notes  of  a  practical  nature  in  addition  to  this  subject^  are  supplied 
by  0.  H.  Colson.  The  various  caves  that  have  yielded  vertebrate 
remains  are  catalogued,  and  the  paper  closes  with  a  description  of 
the  recent  marine  deposits  in  process  of  formation  off  Malta,  and  a 
long  discussion  as  to  the  origin  of  the  rocks  and  soils.  The  plates 
contain  representations  of  four  slices  of  Foraminiferal  Limestones 
from  Malta.  The  map  and  sections  are  in  every  way  excellent,  and 
a  copy  of  these  has  been  framed  and  hung  up  in  the  Fossil  Mammalian 
Grallery  of  the  Natural  History  Museum,  close  to  Admiral  Spratt's, 
and  Dr.  Leith  Adam's  Collections  of  Pigmy  Elephant-remains  from 
Malta,  and  forms  one  of  many  such  valuable  aids  to  the  student  in 
the  Palieontological  Department.  0.  D.  S. 


LiNNJEAN    SOOIBTY. 

Jan.  15,  1891. — Dr.  P.  H.  Carpenter,  F.R.S.,  read  a  paper  on 
"  Some  Points  in  the  Morphology  of  the  Cystidea." 

A  large  number  of  the  Cystidea  may  be  compared  with  dicyclic 
Crinoidea  more  directly  than  has  hitherto  been  supposed. 

Group  I.  has  a  generally  si  x-rayed  structure ;  Exx.  GaryocrinuB, 
nemicosmites,  Jttglandocrinus,  Cordylocrtnus,  Here  are  three  circlets 
of  plates,  viz.  four  infrabasals,  two  of  which  are  double  plates,  six 
basals,  and  six  radials,  with  two  or  three  interradials  enclosed  within 
the  mdial  circlet.  The  summit-plates  or  orals  also  are  comparable 
with  those  of  Crinoidea,  though  differing  in  number;  thus  Caryo- 
erinus  has  one  central  plate  and  five  others  around  it,  correspondiag 
to  the  one  central  and  four  surrounding  plates  of  a  Crinoid  :  the 
central  plate  in  either  case  represents  the  posterior  oral.  Even  the 
number  is  sometimes  the  same  as  in  a  Crinoid  ;  thus,  though 
Caryocysiis  granatum  has  six  rays,  C.  iestudinarius  (v.  Buch.  non 
His.)  has  five;  while  there  are  but  four  in  other  species. 

Group  II.  has  a  five-rayed  structure ;  Exx.  Lepadocrinus,  Apio' 
cystxBy  Prunocystis,  Echinoencrinus  (Forbes  non  v.  Meyer).  Here  are 
four  infrabasals,  one  of  which  is  double,  five  basals,  five  radials 
and  five  interradials  (?).  Sometimes  an  interradial  is  missing,  e.g. 
Cystoblaaius  (1.  post.),  P$eudocrinu9  (r.  antr.).  Some  genera  {Apio- 
cy$tisj  Callocyntis)  have  only  four  ambulacra.  ITie  plates  in  this  group 
may  still  be  designated  by  the  numbers  applied  to  them  by  Forbes : 
thus  1-4  are  infrabasals,  5-9  basals,  10-14:  radials,  15-18  or  19 
interradials.  The  homology  of  Nos.  10-14  with  radials  is  oon-oborated 
by  OystohlastuB,  in  which  these  five  plates  have  a  deep  fissure  for 
the  ambulacra.  There  is  moreover  symmetry  in  the  disposition  of  the 
pore-rhombs,  which  generally  occur  on  plates  1  &5,  14&15, 12  <fel8. 

Variations  from  the  simple  types  occur.  Sometimes  two  of  the 
radials  sink  into  the  basal  oirolet,  e.g.  CaUocysiii^  while  in  Gli)ploc\|»\\« 


,.  —  i\lin^  :  o.   in  the  aiii 

and  anus,  sometimes  close  to  tlie  anus, 
genus  (e.g.  Aristorystis),  further  from  it 
cases  this  is  containe<l  in  the  anal  apei 
Bymenasier  and  Pythanaster  ;  4    A  smai 
genital  «  Excretorv  aperture ;  this  is  » 
<*  madreporio  plate/*  in  GlyptospJugra, 
much  in  the  anal  interradius  (G  D)  as 
the  single  0|>ening  oocapying  this  positioi 
and  other  types,  is  probahly  of  the  same 

Okolooioal  Sooiktt  c 

L— January  21,  1891.—  A.  Geikie,  E» 
in  the  Chair. — The  following  commnnicf) 

1.  "On  the  Age,  Formation,  and  Su4 
Yalley  of  the  Darent ;  with  Remarks  on 
of  the  District,  and  on  the  Origin  of  tht 
Professor  Joseph  Prestwich,  D.C.L.,  F.R 

L  General  Character  and  Age  of  the  Z 
formed  hy  the  union  of  two  streams,  the 
near  Limpsfield,  the  other  west  from  neai 
ranges  of  Lower  Greensand  and  Chalk,  ai 
Thames.  The  first  indent  of  the  valley  ^ 
sition  of  the  Lenham  Sands,  and  indeed 
and  the  old  implement-bearing  drift  wit 
and  the  same  remark  applies  to  a  system 
near  the  crest  of  the  escarpment  and  rum 

ii.  The  Chalk  Plateau  DrifU  and  aasi 
Since  the  publication  of  the  author's  Ig 
and  Mr.  IV  «   ^ ' 
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Darent,  and  the  exoayation  of  the  present  valley  then  commenoe<1. 
There  is  a  ^p  in  the  sequence  between  the  pre-glaoial  drifts  and 
the  earliest  post-glaoial  drifts  of  the  valley,  which  is  probably 
covered  by  the  extreme  glacial  epoch.  It  was  a  time  of  erosion, 
nUher  than  of  deposition  in  this  area.  Of  the  earliest  drift  of  the 
Darent  valley,  little  has  escaped  later  denudation.  The  bank  of 
coarse  gravel  on  the  hill  on  the  west  side  of  the  valley  between 
Eynsfoni  and  Famingham,  certain  flint-drifts  in  the  up^ier  part  of 
the  valley,  and  a  breccia  of  chalk -fragments  on  the  hill  west  of 
Shoreham,  may  be  referred  to  this  period. 

iv.  The  Jligh' Level  or  Limpsfield  Gravel  Stage, — The  gravel  at 
Limfisfield  ooeiirs  on  the  watershed  between  the  Darent  valley  and 
the  Oxsted  stream,  but  the  author  agrees  with  Mr.  Topley  that  the 
grayel  belongs  to  the  Darent  system,  and  Westheath  Hill  may  be 
part  of  the  original  ridge  se{)arating  the  two  valleys.  This  gravel  is 
post-glacial,  and  the  denudation  of  the  area  had  made  considerable 
progress  at  the  time  of  its  formation,  for  the  Chalk  escarpment  rises 
200-300  feet,  and  the  Lower  Oreensand  100-200  feet  above  the 
gravel-bed.  The  author  traces  outliers  of  this  gravel  down  the 
valley  at  lower  and  lower  points  to  the  Tliames  valley  at  Dartford, 
and  correlates  it,  not  with  the  high  plateau-gravel,  but  with  the 
High-level  gravel  of  the  Thames  valley,  and  shows  that  its  composi- 
tion indicates  that  it  is  derived  from  the  denudation  of  the  Chalk 
and  Tertiary  l>eds.  Mr.  A.  M.  Bell  has  discovered  numerous 
implements  in  it,  mostly  of  the  smaller  St.  Acheul  type,  and  the 
author  hopes  that  they  will  soon  be  described  by  their  discoverer. 
These  implements  agree  in  general  type  with  the  "  Hill  group  "  of 
the  Shode  valley,  and  not  with  the  older  group  of  the  Chalk  plateau, 
or  those  of  the  lower  levels  of  the  Thames  and  Medway. 

V.  Contemporaneous  Drift  of  the  Cray  Valley, — Implements  of  this 
age  have  been  found  by  Mr.  Crawshay,  and  by  Mr.  P.  Norman,  near 
Green  Street  Green,  in  gravel  which  is  more  than  100  feet  below 
the  Red  Clay  of  the  plateau. 

vi.  BricJc-enrths  of  the  Darent  Valley  — These  are  traced  along  the 
upper  course  of  the  valley  from  near  Limpsfield.  They  seem  to 
show  glacial  influence,  and  Mr.  Bell  has  discovt^red  a  few  implements 
in  them.  The  Limpsfield  deposit  is  from  10  to  30  feet  below  the 
adj-icent  gravel.  Brick-earth,  possibly  of  somewhat  later  date,  also 
occurs  near  Dartford. 

vii.  Other  Gravels  of  the  Darent  Valley:  The  Chevening  and  Dunton 
Green  Drifts, — The  relations  of  the  gravels  grouped  under  this  head 
are  more  uncertain  than  those  of  the  Limpsfield  stage.  Various 
features  in  the  gravels  point  to  the  temporary  return  of  glacial 
conditions  during  the  period  of  formation  of  these  and  the  brick- 
earths  ;  and  these  are  described  in  detail. 

viii.  The  Low-level  Valley- 0 ravels, — The  correlation  of  these  is 
also  uncertain.  West  of  Dartford  is  a  bed  corresponding  with  that 
at  Erith  in  which  Mr.  Spurrell  found  a  palaeolithic  floor.  It  con- 
tains land-  and  freshwater-shells.  The  surface  of  the  Chalk  is  here 
fetttooned  under  a  covering  of  the  fliiviatile  drift.  The  author  attri- 
butes thiB  festooning  to  the  effects  of  cold. 
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ix.  The  Buhhie  am  ike  Sidet  amiiu  ike  Bed  of  the  Vattey.-^The 
author  describes  this  robble,  and  rej<>cts  the  view  that  it  is  nin- 
wash  or  doe  to  sobaerial  action,  and  diacossea  the  possibility  of  its 
haviog  been  prodnoed  bj  ice-action. 

X.  Altmrimm  mmd  yeditkic  ImpiemeuU. — ^Theee  o«mr  chiefly  between 
Shoreham  and  Riverhead. 

xL  On  the  Chalk  E9carpmeni  wiikiu  ike  DareiU  DiHrieL— The 
author,  after  discussing  and  dismissing  the  view  that  the  escarpment 
was  formed  by  marine  denudation,  criticizes  the  theory  that  it  was 
due  to  ordinary  suhaerial  denudation,  and  lays  stress  on  the  irregular 
distribution  and  diversity  of  the  drift-beds  in  the  Darent  area ;  these 
do  not  possess  the  characters  which  we  should  ex^iect  if  they  were 
formed  by  the  material  left  during  the  recession  of  the  Chalk  escarp- 
ment  owing  to  subaerial  action  ;  and  be  believes  that  glacial  agency 
was  the  great  motor  in  developing  the  valleys  and,  as  a  consequence, 
the  escarpment,  and  that  the  denudation  was  afterwards  further 
carried  on  in  the  same  lines  by  strong  river-action  and  weathering, 
though  supplemented  at  times  by  renewed  ice-action.  By  such 
agencies,  aided  by  the  influence  of  rainfall  and  the  issue  of  powerful 
springs,  he  considers  that  the  escarpment  was  gradually  pared  back 
and  brought  into  its  present  prominent  relief. 

2.  "  On  Agro$anrH$  MncgiUicra^  (Seeley),  a  Sanrischian  Reptile 
from  the  X.E.  coast  of  Au:»tralia."  By  Professor  H.  G.  Seeley, 
x.R.S.,  F.G.S. 

The  complete  left  tibia,  a  less  perfect  proximal  end  of  the  cor- 
responding right  tibia,  a  fragment  n^rded  by  the  author  as  a  fibula 
attached  to  matrix  which  contains  two  laterally  compressed  claw- 
phalanges,  are  preserved  in  the  British  Museum,  and  are  labelled 
**  Fly,"  1S44.  J.  Macgillivray,  from  the  N.E.  coast  of  Austmlia. 
These  remains  are  descril>ed,  and  the  distinctive  characters  which 
determine  the  fossil  (the  distal  end  of  the  tibia)  noted.  It  shows  an 
ordinal  reJ^emblance  with  PatkilopUuron  and  Cetiofaurus,  but  with 
Dimodosaurus  from  the  top  of  the  Eeuper  it  is  so  close  that  the  two 
must  be  reirarded  as  ne:irly  allied.  The  fossil  is  regarded  as 
gpnerically  distinct  from  all  known  types.  The  remains  indicate  an 
animal  about  the  size  of  a  sheep,  and  it  is  considered  as  not  improb- 
able that  the  creature  belongs  to  the  Lower  Oolites  or  Trias. 

3.  "  On  Sanrodesmus  Bobertsoni,  a  Crocodilian  Reptile  from  the 
Rhstic  of  Linksfield,  in  Elgin."  By  Professor  H.  G.  Seeley, 
F.R.S.,  F.G.S. 

The  bone  described  in  this  paper  was  found  in  a  mass  which  has 
been  interpreted  as  a  large  boulder  of  Rhaetic  beds  in  Boulder-clay. 
The  specimen  has  already  been  noticed  by  Sir  Richard  Owen  and 
R.  Lydekker,  Esq.  The  author  maintains  that  the  bone  is  a  right 
humerus.  He  discusses  its  asserted  Chelonian  affinities,  and  concludes 
tliat  it  is  not  Chelonian  but  Crocodilian,  but  that^  if  grouped  with 
the   Crocodilia,  it  belongs  to   a  suborder   hitherto    unknown,   and 

defined  by  a  combination  of  CrocodVWaxi  o^ud  Lacertilian  characters 

which  is  not  Saarischian. 
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II.— February  4,  1891.— A.  Geikie,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "The  Geology  of  Barbados  and  the  West  Indies.— Part  I. 
The  Coral  Hocks."  By  A.  J.  Jukes-Browne,  Esq.,  F.G.S.,  and 
Professor  J.  B.  Harrison,  M.A.,  F.G.S. 

The  authors  first  discuss  the  reef  growing  round  Barbados  and 
describe  a  stibmarine  reef,  the  origin  of  which  is  considered ;  and 
it  is  pointed  out  that  there  is  no  sign  of  any  subsidence  having 
taken  place,  but  every  sign  of  very  recent  elevation.  They  then 
deBcribe  the  raised  reefs  of  the  island,  extending  to  a  height  of 
nearly  1100  feet  above  sea-level  in  a  series  of  terraces.  The  thick- 
ness of  the  coral-rock  in  these  is  seldom  above  200  feet,  and  the 
rock  does  not  always  consist  of  coral-debris.  At  the  base  of  the 
reefs  there  is  generally  a  certain  thickness  of  detrital  ruck  in  which 
perfect  reef-corals  never  occur. 

The  collections  of  fossils  made  by  the  authors  have  been  examined 
by  Messrs.  E.  A.  Smith  and  J.  W.  Gregory.  Of  the  Corals,  five 
out  of  ten  species  identified  still  live  in  the  Caribbean  Sea,  and  one 
is  closely  allied  to  a  known  species,  whilst  the  other  four  are  only 
known  from  Prof.  Duncan's  descriptions  of  fossil  Antiguan  Corals. 
The  authors  are  of  opinion  that  the  whole  of  the  terraces  of  Barbados, 
the  so-called  "  marl  "  of  Antigua,  and  the  fosviliferous  rocks  of 
Barbuda  are  of  Pleistocene  age. 

They  proceed  to  notice  the  formations  in  other  West  Indian 
islands  which  appear  to  be  raised  reefs  comparable  with  those  of 
Barbados,  and  show  that  these  reefs  occur  through  the  whole  length 
of  the  Antillean  Chain,  and  indicate  a  recent  elevation  of  at  least 
1300  feet,  and  in  all  probability  of  nearly  2000  feet.  It  appears 
improbable  that  each  island  was  a  region  of  separate  uplift,  and  as 
a  plateau  of  recent  marine  limestone  also  occurs  in  Yucatan,  this 
carries  the  region  of  elevation  into  Central  America,  and  it  is 
reported  that  there  are  raised  reefs  in  Colombia.  The  authors 
conclude  that  there  has  been  contemporaneous  elevation  of  the 
whole  Andean  Chain  from  Cape  Horn  to  Tehuantepec  and  of  the 
Antillean  Chain  from  Cuba  to  Barbados.  Before  this  there  must 
have  been  free  communication  between  the  Atlantic  and  Pacific 
Oceans,  which  is  confirmed  by  the  large  number  of  Pacific  forms 
in  the  Caribbean  Sea.  Under  such  geographical  conditions  the 
great  equatorial  current  would  pass  into  the  Pacific,  and  there  would 
be  no  Gulf  Stream  in  the  North  Atlantic. 

2.  "  The  Shap  Granite,  and  the  Associated  Igneous  and  Meta- 
morphio  Rocks."  By  Alfred  Barker,  Esq.,  M.A.,  F.G.S.,  and  J.  E. 
Marr,  Esq.,  M.A.,  Sec.  G.S. 

The  authors  describe  the  normal  granite  of  the  intrusion,  and 
discuss  the  characters  of  certain  variations  from  the  usual  type. 

llie  dykes  and  sills  of  the  neighbourhood  are  also  considered; 
the  similarity  of  some  of  these  to  certain  inclusions  in  the  granite 
is  noticed ;  and  reasons  are  given  for  supposing  that  many  of  the 
felsites  and  mica- traps  of  this  region  are  connected  with  a  magma 
which  was  intruded  amongst  the  Lower  Pulssozoic  rocks  in  pre- 
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Garboniferoas  times,  and   with  which  the   Shap  granite   is   itself 
connected. 

The  metamorphio  effects  of  the  granite  npon  the  snrroanding 
rocks  are  then  described.  A  remarkable  set  of  changes  prodnced  in 
a  series  of  andesites  and  another  of  rhyolites,  with  their  respective 
pyroclastic  rocks,  is  considered  in  detail,  and  the  results  of  the 
metamorphism  of  the  Coniston  Limestone  series  and  the  Ooniston 
Flags  and  Grits  are  given  and  compared  with  those  obtained  by  other 
workers  in  Norway,  the  Harz  Mountains,  and  elsewhere. 


MR.  OLDHAM  ON  THE  HIMALAYAS. 
Sib, — ^It  is  needless  to  say  how  much  it  has  pleased  me  that  Mr. 
Oldham's  knowledge  of  the  structure  of  the  Himalayas  confirms  in 
his  opinion  my  theory,  published  in  the  **  Physics  of  the  Earth*s 
Crust,"  concerning  the  formation  of  a  mountain  range,  and  of  the 
effects  of  its  subsequent  denudation.  I  wish,  however,  to  point  out 
that  the  latter  are  in  my  work  discusRed  on  the  hypothesis  that  the 
chief  streams  are  formed,  and  deposit  their  sediment,  on  the  less 
steep  side  of  the  range.  I  had  rather  the  instance  of  the  Andes  in 
my  mind  as  a  typical  range  of  mountains.  With  the  Himalayas  the 
case  is  different.  The  great  rivers,  Indus  and  Ganges,  after  collect- 
ing their  burden  of  detritus  during  long  courses  between  the  parallel 
ridges,  finally  break  through  the  steep  face  of  the  range,  and  form 
their  deposits  on  that  side.  Hence  arises  the  modification  of  my 
theory,  which  Mr.  Oldham  has  found  it  necessary  to  make  in  apply- 
ing it  to  the  denudation  of  the  Himalayas.  O.  FisnKB. 
Harlton,  Cambridob,  5  Feb.  1891. 


MR.    MELLARD    READE   AND   THE   HERSCHEL-BABBAGE  THEORY 

OF  MOUNTAIN  BUILDING. 

Sir, — The  theory  of  the  formation  of  mountains  set  forth  by  me 
in  "  The  Origin  of  Mountain  Ranges  "  has  been  so  frequently  of  late 
alluded  to  as  a  modification  of  the  "Herschel-Babbage**  theory,  that 
I  shall  feel  much  obliged  if  one  of  those  who  think  it  so  will  kindly 
set  forth  what  the  "  Herschel-Babbage"  theory  is,  I  fear  that  my 
friend  Mr.  O.  Fisher  is  largely  responsible  for  this  description  of  my 
theory.*  I  have  examined  his  references  to  the  works  of  Herschel 
and  Babbage,  and  must  certainly  repudiate  the  labelling  as  a  mis- 
description. There  is  no  analogy  between  Herschers  view  of  the 
elevation  of  mountains  and  mine,  and  indeed  by  a  sort  of  dramatic 
justice  I  find  that  Mr.  R.  D.  Oldham'  commends  Mr.  Fisher's  work 
as  containing  the  '*most  recent  and  complete  adaptation  of  this  (the 
Herschel -Babbage)  doctrine  to  the  theory  of  mountain  formation." 

As  a  matter  of  fact,  the  only  element  in  my  theory  taken  from 
either  of  these  distinguished  men  is  the  law  discovered  by  them  that 
the  lines  of  equal  internal  temperature  in  the  Earth's  crust  (isogeo- 

'  Phvsics  of  the  EartVs  Cmst,  «ecoii^  <bdi>AOu,  "^^  Vi*I, 
'  Gbol.  Mao.  Feb.  1891,  p.  IZ. 
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therras)  must  move  upwards  into  new  deposits  as  they  are  laid 
down.  This  is  duly  acknowledged  in  chap.  yii.  and  credited  to 
Bahhage,  who,  I  believe,  has  prionty;  but  should  the  use  of  a  natural 
law  in  building  up  a  theory  disentitle  the  theoriser  to  the  full  right 
of  property  in  his  own  theory  ? 

It  is  said,  *'  What's  in  a  name  ?  *'  To  which  I  answer,  A  great  deal 
that  is  bad  when  it  is  vague  and  misleading  and  perpetuates  errors 
and  misconceptions.  T.  Mbllabd  Reads. 

Pajul  Counbu.,  Blundbllsands,  F*b.  9/A,  1891. 

CRINOIDAL  STEMS  IN  ORDOVICIAN  OF  SWEDEN. 
Sib, — I  am  glad  to  have  elicited  from  Dr.  Holm  such  interesting 
information  aljout  the  crinoid  stems  that  he  has  found  in  the  LeptSBna- 
kalk  of  the  Lissberg.  But  I  am  sorry  that  my  remark  has  given 
rise,  perhaps  not  unnaturally,  to  some  misunderstanding.  Dr.  Holm 
in  his  original  notice  says  two  things: — First,  that  the  rock  is 
"chiefly  composed  of  corals,  cystids,  and  crinoid  stems;**  secondly, 
that  he  himself  has  found  there  **  crinoid  stems  belonging  to  at  least 
two  species."  Now  I  never  doubted  that  so  experienced  a  palceon- 
tologist  as  Dr.  Holm  had  very  good  reasons  for  this  latter  statement ; 
his  letter  shows  how  sufficient  those  reasons  were.  Nor  did  I  *'  with- 
out having  seen  a  single  one  of  them,'*  venture  to  assert  that  all  the 
8tem>fragment8  belonged  to  Cystidea.  1  was  indeed  well  aware  of 
the  sessile  nature  of  the  majority  of  the  Cystidea  from  this  locality. 
But,  remembering  as  I  did  how  often  stems  undoubtedly  cystidean 
had  been  referred  to  Crinoids,  and  knowing  that  not  a  single  Crinoid 
had  been  recorded  from  the  Ordovician  of  Sweden,  though  23  species 
of  Cystidea  showed  the  possibility  of  their  preservation,  I  merely 
wii>hed,  as  indeed  I  still  wish,  to  suggest  that  some  of  these  ossicles 
might  have  pertained  to  the  long  and  exceedingly  crinoid-like  stem 
of  Caryocrinus,  So  inevitable  did  this  seem  that,  though  I  did  not  so 
far  forget  either  myself  or  Dr.  Holm's  very  valuable  works  as  to  call 
him  a  mere  collector,  still  I  did  express  myself  in  a  manner  which 
now  seems  to  me  to  need  an  apology,  and  this  I  trust.  Sir,  you  will 

here  permit  me  to  offer.  F.  A.  Bathkr. 

6  Feb.   1891.  

MOTION  OF  LAND-ICE. 

Sir, — As  I  have  paid  some  attention  to  Glaciers,*  I  should  like  to 
make  a  few  remarks  on  the  paper  by  Mr.  Goodchild  on  **  The  Motion 
of  Land-ice  "  in  the  Geol.  Mag.  for  January  last,  pp.  19-22. 

1.  The  expansion  and  contraction  of  ice  for  changes  of  temperature 
below  0°  C.  and  under  a  pressure  of  one  atmosphere  is  but  an  example 
of  the  general  law  for  solids,  which  has  been  recognized  for  many 
years  in  physical  science ;  and  the  power  of  ice  to  resist  tensile 
strain  is  (as  Helmholtz  has  pointed  out)  so  small  as  to  furnish  an 
explanation  of  the  formation  of  crevasses,  though  these  are  not  by 
any  means  always  produced  by  contraction  due  to  lowering  of 
temperature.     But  this  very  property  of  ice  shows  that  contraction 

^  Q.J.G.S.    Tol.  xxxix.    pp.   62-71,    "On  the   Mechanics  of  Glaciers";   alao 
'Nature,'  toI.  xxrii.  pp.  553,  554,  "  On  Solar  Badiation  and  Glacier-motion." 
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layers  can  neither  help  (per  *e)  the  downwnrd  flow 
raperatiire   rises  again,   because  the   expnnBion   being 
previous  contraotton  (eef,  pir.).  it  must  result  tuerely 
-up  of  the  Bhrinkage-oracke;  nor  can  it  tend  lo  produce 
of  tbo  lower  Inyers  (after  the  faahion  of  the  balance- 
■hronoiiietfr)  as  Beems  to  be  siiRgested  later  on  in  Mr. 
piiper.     Ill    the    former   case  water,  produced    by    Ihe 
■.X  of  the  surface  of  the  giaoier  or  of  the  Bnow-mande 
during  hours  of  sunshine,  and  flowing  into  the  cracks, 
nly  by  itB  expansion  in   freezing  do  some  work;    but 
>B  of  its  \aUnl  hentf     The  distribution  of  ibis  in  the 
'  ice  needs  to  be  considered. 

eolil-wavee '  Mr.  Goodchild  means  (as  I  take  it) '  flows  * 
conduction    from   tbo  warmer  interior   to    the    Bnrfaoe 
ii-ature  is  below  0°  C,  it  is  a  pity  he  did  not  apeak  of  it 
Id,  like  darkness,  is  a  negation ;  and  we  can  only  speak 

either  metaphorically. 
1  no  need  to  go  back  nearly  half  a  century  to  lirunner'a 
B  to  convince  ua  that  the  ■  sole  '  of  a  glncier  moves  down 
observations  and  measuremt'nts  by  Tyndall,  Helmboltz, 
isiz,  and  others  have  made  that  pretly  certain. 
Ihe  "uphill  movements"  postulated  by  Mr.  Goodcbild 
riters  who  have  preceded  him,  I  have  for  a  long  time 
jepticol,  as  may  be  seen   fnmi  my  papers  referi*ed  to 
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ELEVATION  AND  SUBSIDENCE  IN  CENTRAL  AMERICA. 

Sib, — Allow  me  to  point  out  that  Mr.  W.  Upham's  letter  in  the 
February  N amber  of  this  Magazine  is  not  an  answer  to  my  article 
in  that  for  December,  1890;  because  he  completely  ignores  the  point 
of  my  communication  and  re-asserts  views  which  I  did  not  question. 

In  his  original  article  of  November,  1890,  Mr.  Upham  cited  the 
Gulf  of  Mexioo  as  having  partaken  in  the  high  continental  elevation 
and  in  the  subsequent  subsidence  to  an  extent  of  3000  feet.  In 
December  I  quoted  facts  to  prove  that  on  the  south  side  of  the  Oulf 
of  Mexico  there  has  been  a  recent  upward  movement  of  probably 
200U  ft.  Hence  if  the  Mississippi  subsidence  was  contemporaneous 
with  the  Cuban  elevation,  there  must  have  been  a  differential  move- 
ment of  5000  feet  within  a  comparatively  small  area. 

I  do  not  say  the  difficulty  is  unsurmountable  ;  the  axis  of  the  one 
oscillation  may  not  have  been  located  along  the  same  parallel  as 
the  axis  of  the  other  oscillation,  or  if  Mr.  Upham  likes  he  can 
postulate  a  great  east  and  west  fault  through  the  Gulf  of  Mexico, 
with  a  downthrow  on  the  north  of  about  5000  feet  The  point, 
however,  does  require  notice,  and  it  is  not  noticed  at  all  in  the 
letter  which  purports  to  be  a  reply.  I  will  therefore  put  the  difficulty 
more  fully.  During  Pliocene  and  Pleistocene  time  there  was  in 
North  America  a  great  elevation  followed  by  a  great  subsidence ; 
and  in  Central  America  a  subsidence  followed  by  great  elevation. 
If  these  movements  were  correlative,  should  we  not  expect  to  find 
a  zone  where  there  was  no  movement  at  all?  Would  not  the 
greatest  vertical  displacement  be  found  in  Canada  or  the  Northern 
States,  and  the  least  in  the  Southern  States,  and  would  not  the 
evidences  of  subsidence  die  away  southward,  and  then  be  replaced 
by  evidences  of  upheaval  ?  Instead  of  this,  we  find  the  movements 
almost  at  a  maximum  in  those  parts  of  the  two  areas  which  are 
nearest  to  one  another.  Can  Mr.  Upham  refer  to  any  evidence  about 
alteration  of  levels  along  the  west  coast  of  the  Gulf  of  Mexico  ? 

In  a  paper  just  read  before  the  Geological  Society,  I  have  adduced 
evidence  of  the  recent  uprise  of  the  Caribbean  and  Panamic  region, 
and  have  advocated  the  view  that  the  Gulf  Stream  passed  into  the 
Pacific  while  the  Glacial  Period  prevailed  in  the  North  Atlantic. 
I  am  therefore  strongly  disposed  to  agree  with  the  general  views 
put  forward  by  Mr.  Upham  as  to  the  geographical  conditions  that 
prevailed  during  that  period ;  but  in  generalizing  about  the  move- 
ments which  have  affected  such  vast  areas,  we  cannot  be  too  careful 
about  the  accuracy  of  the  data  on  which  the  inferences  are  based, 
and  nothing  is  gained  by  ignoring  difficulties. 

It  was  because  I  thought  that  this  difficulty  might  not  have 
occurred  to  Mr.  Upham  that  I  put  it  before  him ;  but  I  shall  be 
very  pleased  to  see  it  answered  in  a  manner  that  will  strengthen 
Mr.  Upham's  theory  of  correlative  movements,  and  I  hope  Dr. 
Spencer,  who  wrote  much  more  cautiously  than  Mr.  Upham,  may 
shortly  have  something  to  say  about  the  date  of  the  great  depression, 

Teiokmouth,  February  1th,  A.  J.  Jukbs-BrOWNR. 
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GEORGE  WAREING  ORMEROD,  M.A.,  F.G.S. 
Among  the  losses  recently  sustained  by  geological  soienoe,  we  Iihto 
to  record  that  of  Mr.  G.  W.  Ormerod,  who  died  at  Teignmouth  on 
Jannary  6th,  nged  82.  He  was  a  son  of  the  late  George  Ormerod  of 
Tyhlersley  House,  Lancaster,  and  Sedbury  Park,  Gloucester,  well 
known  as  the  author  of  "  The  History  of  Oheshii-e."  The  Ormerods 
were  a  family  which  had  been  connected  with  Ormerod  Hall,  near 
Burnley,  in  Lancashire,  since  the  time  of  Edward  II L 

G.  W.  Ormerod,  after  taking  his  degree  at  Oxford,  practis^ed  for 
some  years  in  the  law  at  Manchester ;  he  subsequently  resided  at 
Chagford  on  the  borders  of  Dartmoor,  and  for  the  last  twenty  years 
at  Teignmouth.  To  the  country  in  which  he  resided  he  devoted  most 
of  his  attention  as  a  geologist-  His  papers  included  the  following: 
an  Outline  of  the  principal  Geological  Features  of  the  Salt-field  of 
Cheshire  and  the  adjoining  districts;  on  the  *' Waterstone  Beds'* 
of  the  Keuper ;  on  some  Veins  of  Granite  in  the  Carbonaceous 
Bocks  on  the  North  and  East  of  Devon  and  East  of  Dartmoor; 
Geology  of  the  upper  part  of  the  valley  of  the  Teign  ;  on  the  Struc- 
ture of  the  Granite  of  Dartmoor;  and  papers  on  tlie  New  Bed  nx-ks 
of  the  neighbourhood  of  Teignmouth.  To  geologists  he  was  perliaps 
best  known  as  the  compiler  of  the  Classified  Index  to  the  Transac- 
tions, Proceedings,  and  Quarterly  Journal  of  the  Geological  Sociery, 
of  which  the  third  su]>i)lement  (up  to  1889)  was  published  last  year. 
He  was  one  of  the  original  members  of  the  Devonshire  Association, 
and  one  of  the  founders  of  the  Teign  Naturalists'  Field  Club,  of 
which  for  many  years  he  was  Secretary. 

WILLIAM  DAVIES,  F.G.S. 
We  regret  to  record  the  death  of  Mr.  William  Davies,  F.G.S ,  for 
forty-four  years  connected  with  the  Geological  Department  of  the 
British  Museum.  Mr.  Davies  was  born  at  Holywell,  Flintshire,  in 
1814,  and  entered  the  Museum  on  19th  Dec.  1843.  He  had  already 
studied  Botany,  and  had  made  a  good  Hortm  siecns  of  British  plants. 
Under  Mr.  Charles  Ronig,  he  devoted  himself  to  Mineralogy,  and 
soon  became  an  excellent  eye-mineralogist.  He  also  worked  at  the 
fossil  fishes  in  the  Museum,  many  of  which  he  afterwards  described 
in  this  Magazine.  He  devoted  many  years  of  patient  study  to 
the  fossil  Vertebrates,  but  his  knowledge  was  generously  given  to 
others  as  soon  as  solicited.  With  Sir  Antonio  Brady  he  formed  a  fine 
collection  of  the  Mammalian-remains  from  the  llianies- Valley  Brick- 
earth,  which  he  described  and  catalogued.  The  Geological  Society  of 
London,  in  1873,  awarded  Mr.  Davies  the  first  Murchison  Medal; 
and  in  1877  elected  him  a  Fellow  of  the  Society,  the  Council  pre- 
senting him  with  the  Life  Fellowship. 

In  1875  Mr.  Davies  was  made  an  Assistant,  and  in  1880  promoted  to  the  First 

Class,  in  recognition  of  his  yuluable  services.     He  took  a  very  active  part  in  the 

removal  and  re -arrangement  of  the  Geological  Collections  at  tiromwell  Koad,  from 

JSSO  to  J 887,  when  he  retired  on  a  pension.    He  died  on  the  1 3th  February  la^t, 

warmJjr  esteemed  and  deeply  regretted  by  a\\  "wVo  Vxic^  \uLm. 
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L— On    New   Spkoimens  of  BsyDRBBPBToy  Aoadiakum^  with 

R  SHARKS  ON   OTHEB  CaRBONIFBBOCTS   AMPHIBIANS. 
Bj  Sir  J.  William  Bawsok,  LL.D.,  F.R.S.,  etc. 

THE  genus  Dendrerpeton  was  established  by  Owen  on  the  evidence 
of  remains  found  by  Sir  C.  Lyell  and  the  writer  in  an  erect 
tree  at  the  Soath  Joggins  in  Nova  Scotia  in  1852.'  Other  speci- 
mens were  afterwards  obtained,  and  the  most  complete,  presented 
by  me  to  the  Oabinet  of  the  Geological  Society,  was  found  in  1861, 
and  described  in  my  ''  Airbreathers  of  the  Goal  Period."  '  These 
remains  rendered  it  certain  that  the  animal  belongs  to  the  order 
Labyrinthodontia,'  and  it  is  regarded  by  Lydekker  as  the  type  of 
a  family  in  that  group.^ 

As  the  characters  of  the  type-species  ascertained  by  Owen  and  by 
the  writer  have  not  as  yet  been  stated  in  connected  form,  and  the 
genus  may  in  consequence  be  said  to  be  still  imperfectly  known,  it 
may  be  useful  to  sum  them  up  before  proceeding  to  notice  some 
specimens  recently  obtained,  and  which  have  added  somewhat  to 
oar  knowledge  of  the  type-species. 

Dendrerpeton  Acadianum,  Owen,  Journ.  Geol.  Soc.  Lond.  vol.  ix.  1853. 

Skull  of  moderate  size  and  rounded  broadly  in  front.  Nostrils 
small  and  near  the  muzzle.  Orbits  nearly  in  the  middle  of  the 
length.  Occipital  condyle  double.  Parietal  foramen  smalL  Sur- 
face of  crani^  bones  sculptured  with  relatively  depp  pits.  Teeth 
conical,  smooth  above,  grooved  at  base,  especially  on  the  inner  side ; 
enamel  simply  plicated  at  base.  Outer  series  of  teeth  somewhat 
unequal  and  larger  anteriorly  in  the  intermaxillary  bones.  A  few 
large  teeth  within  on  the  inner  surface  of  the  maxillaries.  A  group 
of  small  simple  teeth  on  the  vomerine  bones.  Mandibles  sculptured 
like  the  skull,  but  much  more  feebly.  Teeth  similar  to  those  in  the 
upper  jaw,  but  not  larger  in  front.  For  the  arrangement  of  the 
central  cranial  bones  see  diagram  in  Memof.s  on  Animal  Eemains 
in  Erect  Trees,  Phil.  Trans.  Royal  Society,  1882,  pi.  44. 

^  Joum.  Geol.  Soc.  of  London,  toI.  ix.  p.  66.  A  preliminary  examination  of  the 
epecimenjB  had  been  made  by  the  late  Prof.  J.  Wyman,  of  Cambridge,  U.S.,  and 
was  quoted  by  Prof.  Owen. 

^  Montreal,  1863.  See  also  Journ.  Geol.  Soc.  toI.  xvi.  p.  273  ;  vol.  xviii.  p.  6 ; 
and  vol.  xix.  p.  470. 

*  Jonm.  Geol.  Soc.  vol.  xv.  p.  274 ;  also  "Airbreathers  of  the  Coal  Period.** 

*  Brit.  Mufleum  Catalogue,  Reptiles  and  Amphibia,  vol.  iv.  p.  170 ;  also 
Nicholson  and  Lydekker,  Manual  of  Palteontology,  vol.  ii.  p.  1032. 
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Yertebrsa  imperfectly  ossified,  very  slightly  bioonoaye,  with  lar^ 
and  broad  neural  processes  in  dorsal  region,  lliose  of  the  tail  have 
spines  above  and  below.  Ribs  of  moderate  length,  with  expanded 
head  and  slight  shoulder ;  solid  towards  the  head,  hot  hollow  and 
thin- walled  at  distal  end,  the  longest  barely  equal  to  the  breadth  of 
the  skull,  curved,  the  anterior  ones  very  much  so,  scapular  and 
pelvic  bones  large  and  well  ossified.     Ilium  ?  broad. 

Limbs  well  developed,  especially  the  anterior  pair.  Limb-bones 
ossified  and  cancellated  at  the  extremities,  and  with  bony  walls  of 
considerable  thickness.  Humerus  equal  to  more  than  half  of  the 
length  of  the  mandible.  Femur  smaller  than  humerus,  the  tibia 
flattened  at  the  extremity.  Toes  five  in  each  foot,  somewhat  broad 
and  short 

Chest  covered  with  bony  scales,  which  are  thin,  unequally  ovate 
and  about  half  as  wide  as  long,  and  marked  with  obscure  concentric 
lines.  They  have  a  thickened  edge  or  margin  interiorly.  They  are 
arranged  in  chevron  and  close  together,  forming  a  compact  armour. 
There  appears  to  have  been  a  rhombic  breast-plate  in  front,  with 
obscure  radiating  lines,  but  this  has  only  been  found  detached. 

Skin  of  upper  surface  of  body  minutely  granular  or  scaly,  with 
a  semicircular  patch  of  homy  tubercles  in  front,  which  I  have 
referred  to  the  snout,  but  it  may  have  belonged  to  the  back  of  the 
head.  On  the  throat  or  sides  were  flat,  pointed,  and  apparently 
flexible  lappets  marked  with  elongated  areoles  and  pores.  Nearly 
the  whole  skin  of  some  specimens  has  been  preserved  in  the  erect 
trees  apparently  by  a  sort  of  tanning  process,  but  it  is  so  flattened 
and  crumpled  that  its  form  is  scarcely  discernible. 

The  following  are  the  dimensions  of  two  specimens,  one  of  them 
(No.  2),  that  of  1890,  and  the  largest  yet  obtained : — 

No.  1.  No.  2. 

Length  of  Skull  *        7  centimetres.  9  centinaetne* 

Breadth  of  Skull  *       5  „  ...  6  „ 

Length  of  Mandible    6*6         „  ...  8*6         „ 

„        Humerus    3*5         „  ...  4*3         ,, 

TTlna  *)-fi  — 

,,  uiua     ...       ...       ...        ...       Ji  if  ,,  ...  ^^  ff 

„        Femur        2*6        ,,  ...  —         „ 

,,  XvlD        ...        ...        ...        ...        Z*  ,,  ...  m  O  ff 

„        Eleven  vertebr©        ...    6*6        ,,  ...  —         t, 

*  The  skulls  being  flattened  and  crushed,  these  measurements  are  not  oertata. 

In  form,  Detidrerpeion  Acadtanum  was  probably  elongated  and 
lizard-like ;  with  a  broad  flat  head,  short  stout  limbs,  and  an 
elongated  tail ;  and  hs.ving  the  skin  of  the  belly  protected  by  small 
bony  plates  closely  overlapping  one  another,  while  the  upper  part 
of  the  body  was  covered  with  a  tough  skin  more  or  less  scaly  and 
ornamented  in  parts  with  lappets  or  pendants.  As  in  the  case  of 
other  small  Reptilians  of  the  Goal,  its  enemies  were  found  rather 
below  than  above.     Its  armour  therefore  was  beneath. 

The  bone-cells  are  broad  and  with  much-branched  canaliculi,  those 
of  the  bony  scales  being  similar  to  those  of  the  other  bones.  Tlie 
hollow  bones  are  occupied  with  caloite  stained  brown  and  probably 
representing  cartilage. 
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Kot  baving  visited  the  Joggins  for  some  years,  and  tiie  gentleman 
m  whom  I  bftd  relied  to  give  me  intimation  of  new  exposures  of 
nptiliferoDB  trees  having  left  the  locality,  I  made  a  short  excursion 
to  the  plaoe  last  sninmer,  and  found  two  trees  partially  exposed  in  the 
reef.  Thette  were  extracted  with  the  kindly  aid  of  Mr.  McNaughton, 
Saperiutandent  of  the  Joggins  Mine,  but  unfortunately  proved  un- 
productive. A  large  tree  had  fulleo  from  the  cliff  in  the  previoua 
winter  and  hod  posaessad  a  layer  of  very  productive  material  in  its 
lower  part,  mucn  of  which  had  however  been  removed  by  tho  waves. 
I  SDcoeeded  in  obtaining  a  portion  of  this  material,  which  on  examin- 
■lion  provod  to  contain  parts  of  the  skeletons  of  two  specimens  of 
Vtniirerpetim  Aeadtaniati  and  one  of  D.  Oieeni.  No  other  reptilian 
bones  nor  remains  of  millipedes  or  of  land  sheila  were  observed. 

The  specimens  of  D,  Acadtanam  were  the  largest  yet  found,  and 
tome  of  the  bones  were  in  a  more  perfect  state.  As  examples  of 
these  I  figure  (Fig.  1)  the  two  mandibles  of  the  largest  specimen. 
Thme  seem  to  Lave  separated  on  the  decay  of  the  body  and  to  have 
fallen  across  one  another,  bo  that  they  lie  side  by  side  and  reversed. 
They  are  8-6  oentimetrea  in  length,  and  one  of  them  uhowa  very  well 
the  corrugated  sculpture  of  the  bone  and  a  nnmber  of  the  teeth. 
On  the  same  slab,  represented  in  Pig.  I,  is  a  well-preaerved  humerua. 
It  has  been  exposed  by  cleaning  away  some  of  the  stone,  which 
probably  contains  other  bones  of  the  fore-leg;  but  they  cannot  be 
worked  out  without  destroying  thoae  in  sight. 


— Humeriu  and  Maadibles  of  Dendr  rpeti 


I  would  call  attention  to  the  humerus  as  indicating  (he  develop- 
ment of  tho  fore  liinh  m  this  apecies  The  bone  in  this  probably 
raiture  Bpecimen  is  better  o^Bilied  than  in  smaller  and  probably 
Joonger  specimens.    In  length  it  is  4  J  centimetres,  oi  Wl  t\i6.'i.  ol 


"^ 
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thnH  exceeding  in  relative  size  <he  liumsnia  of  Ilia 
p«tor,  while  its  form  indicales  n  Hinb  of  much  niiiaauUt 
'  B|)t>aimens  slinw  ibat  tlie  hind-limb  was  not  larger 
jiiib:  on  thn  whole  it  was  perhape  Teebler.  su  titat  in 
era  was  no  appi-onch  lu  tliat  sKnggenitai]  use  of  tiie 
of  the  lai'ger  Lab^rinthodonta. 
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Bhowing  portions  of  four  of  the  bones  in  position,  and  giving  for 
one  of  the  toes  of  the  fore-foot  a  length  of  about  2*3  oentimetres ; 
also  a  few  of  the  anterior  abdominal  scutes.  All  the  bones  repre- 
sented belong  to  the  anterior  parts  of  the  animal;  the  |>ortion 
of  the  tree  containing  its  posterior  parts  had  unfortunately  been 
destroyed  or  removed  by  the  sea. 

I  have  remarked  in  previous  memoirs  that  possibly  the  animals 
fonnd  in  the  erect  trees,  while  they  must  all  have  been  of  terrestrial 
nther  than  aquatic  habits,  may  in  some  oases  have  been  young 
individoala  of  the  species  to  which  they  belonged.  This  supposition 
Is  to  a  certain  extent  borne  out  by  the  present  specimens,  which 
are  considerably  laiger  than  the  corresponding  parts  of  individuals 
prerionaly  found,  and  have  the  bones  more  ossified  and  more 
strongly  sonlptured.  Possibly,  however,  we  may  not  yet  know  the 
species  in  ita  full  magnitude. 

TTiia  suggests  the  question  whether  D.  Oweni  may  be  founded  on 
still  yonnger  individuals  of  the  same  species.  The  likelihood  of  this 
is  not,  however,  increased  by  the  new  discoveries.  The  specimen 
of  D.  Oweni  found  in  the  tree  of  1890  is  quite  as  distinct  as  those 
previously  found.  It  has  longer,  more  curved  and  pointed  teeth, 
thinner  and  less  sculptured  cranial  bones.  The  mandibles  are  only 
very  feebly  sculptured.  The  limbs  and  feet  seem  to  have  been  similar 
to  those  of  D.  Acadianum,  but  the  abdominal  bony  scales  were 
narrower  and  more  pointed  or  ''oat-shaped,"  and  the  skin  of  the 
upper  surface  more  distinctly  scaly.  On  the  whole,  therefore,  the 
evidence  is  in  favour  of  D.  Oweni  having  been  a  smaller  species 
allied  to,  but  presenting  so  far  as  known  no  connecting  links  with, 
its  larger  congener. 

HylanofnuB  Lyelli,  Dawson,  Joum.  Geol.  Soc.  Loud.  voL  xv.  1859, 

p.  274. 

Though  the  newly-found  specimens  throw  no  farther  light  on  the 
amphibians  of  the  group  Microsauria  found  in  the  same  repositories 
with  Dendrerpeton,  they  have  invited  comparison  and  fresh  study  of 
the  material  previously  obtained,  and  I  desire  in  this  connexion  to 
state  the  reasons  which  have  induced  me  from  the  first  to  maintain 
that  Hyfonomus,  Hylerpeton,^  Smilerpeion,  and  Fritschia^  are  not 
Labyrinthodonts  properly  so  called,  and  belong  to  a  quite  distinct 
group,  making  in  some  respects  nearer  approach  to  the  reptilian 
order  to  which  the  ProieroBaurua  of  the  Permian  belongs. 

We  may  take  Hylonomus  Lyelli,  the  best  known  of  these  animals, 
as  a  type,  and  I  would  state  the  following  points  of  comparison  with 
Dendrerpeion,  end  most  if  not  all  other  typical  Labyrinthodonts. 

1.  As  to  the  skull,  this  is  large  behind  and  pointed  in  front,  and 
its  bones  are  smooth,  while  the  teeth  are  perfectly  simple,  without 
any  trace  of  fiuting  or  plication  of  the  enamel,  and  there  are  no 
interior  large  teeth.  The  nasal  and  maxillary  bones  are  smooth, 
thin,  and  elongated.     The  parietal  bones  larger  and  more  convex 

»  Owen,  J.G.S.  vol.  iviii.  1862,  p.  241. 

>  Dawaon,  Phil.  TranB.  iioyal  Society,  1882,  pt.  ii.  pp.  638,  641. 
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jlber  amphibians.     Tlie  bone  which  I  siippoiie  to  be 
}id  has  a  long  axial  procesi),  au<I  tlie  poBterior  end 
lad.     On  the  other  hand,  it  is  certain  that  the  skull 
rtetal  foramen,  has  a  group  of  small  palatal  teeth,  and 
al  condyles. 

e  trunk.     The  vertebrse  are  long,  hour-glass-Rhaped, 
I   ossified  exteriorly,   with    largo   and    broad    neural 
ocessea.     The  ribs  are  well  developed,  curved,  and 
e    bead.      The  scapular  and  pelvic  bones  are   large, 
latter,  which  has  a  very  broad  well-ossified  principal 

the  ilium.      The  pelvic  bones  thus  resemble  those 
■o(i'  of  Fritsch,  which  is,  however,  an  animal  very 
ler  respecta.     I  regret  that  1  have  had  no  means  of 
hether  the  pelvis  of  H.  Lyetli  was  attached  to  one 

or  more.     The  large  size  of  the  pelvis  would,  how- 
1  attachment  to  a  single  vertebra  iDiprobablo.  and  in 
on  the  slabs   (n)   and    (t),   Fig.    i,   there   are   in   the 
.  pelviB  pairs  of  vertebne  attached  to  each  other  in 

as  to  suggest  that  they  were  permanently  united, 
-bones  and  ribs  have  a  thin  and  hard  outer  bony  ooat, 
eing  usually  filled  with  calcit*  darkened  by  organic 
ly  remains  of  cartilage.     The  bones  of  the  limbs  and 
and  slender,  with  well-ossified  extremities,  and  their 

slender  limbs  and  active  habits.     The  hind-limb  in 

Bepriuted  fram  ''  AirbrMthen  of  the  Cool  P«nad ,"  I6ft%. 


^^H 

kH^I^^HiH 
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ntrii,    ihowing   jnwi.      /  Bones  of  foot ;  enlnreed- 
1,  pelvis,  nod  bonei  o(      j.  Pnrieljil  bones,  showing  (oramen;  enl. 

k.  Vertebra;  enlarged, 
iton  in  matrix,  ebon-      /  Riba;  enUrg«l. 
ant]  limb-bones.                k.  BoDTuale;  enlarged, 
ilia  mth  t»eth  ;  enl.         i.  Poison  of  acnlj  cntiole. 
:if  te«lh  ;  enlar^d.            m.  to  >.  Uomj  «cales.  brictles,  tuberelw, 

niHgnifi<:d. 

.yelli  was  an  animal  of  small  size.  Its  Bkull  !a  abont 
:ih,  and  its  whole  body,  even  if.  as  was  likely,  furnished 
ilil  not  have  been  more  tliftu  six  or  Beven  inches  long, 
example  of   ita    sktiU   has    been   found.     The  bones 

been  thin  and  enaily  separable;  and  even  when  they 
IT,  are  so  much  crushed  as  to  render  the  shape  of  the 
y  discernible.  They  are  smooth  on  the  outer  surface 
ye,  and  under  a  lens  show  only  delicate  uneven  strim 
Its.  They  are  more  dense  and  hard  than  those  of 
ind  the  bone-cells  are  more  elongated  in  form.  A 
ly  possession  shows  the  parietal  and  occipital  bones, 

part  of  them,  united  and  retaining  their  forni.  We 
;m  that  the  brain-case  was  rounded,  and  that  there 

ibular  bones  have  Iteen  obtained.     They  are  smooth. 
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tbat  it  may  liave  been  in  the  habit  of  sitting  erect.  The  thigh-bone 
is  well  formed » with  a  distinct  head,  and  the  lower  extremity  flattened 
and  moulded  into  two  articulating  surfaces  for  the  tihia  and  fibula, 
the  fragments  of  which  show  that  they  were  much  shorter.  The 
toes  of  the  hind-feet  have  been  seen  only  in  detached  joints.  They 
seem  to  have  been  thicker  than  those  of  the  fore-foot.  Detached 
yertebrae,  apparently  caudal,  have  been  found,  but  the  length  of  the 
tail  is  unknown.  The  limb-bones  are  usually  somewhat  crushed 
and  flattened,  especially  at  their  articular  extremities,  and  this 
seems  to  have  led  to  the  error  of  supposing  that  this  flattened 
form  was  their  normal  condition ;  there  can  be  no  doubt,  however, 
that  it  is  merely  an  efiect  of  pressure.  The  limb-bones  present  in 
cross-section  a  wall  of  dense  bone  with  elongated  bone-cells,  sur- 
rounding a  cavity  now  filled  with  brown  calc-spar,  representing 
cartilage.  Nothing  is  more  remarkable  in  the  skeleton  of  this 
creature  than  the  contrast  between  the  perfect  and  beautiful  forms 
of  its  bones,  and  their  imperfectly  ossified  condition,  a  circumstance 
which  raises  the  question  whether  these  specimens  may  not  repre- 
sent the  young  of  some  reptile  of  larger  size. 

The  dermal  oovering  of  this  animal  is  represented  in  part  by 
oval  bony  scales,  which  are  so  constantly  associated  with  its  bones 
that  I  can  have  no  doubt  that  they  belonged  to  it,  being  the 
clothing  of  its  lower  or  abdominal  parts ;  while  above  it  was  clad 
in  the  beautiful  scaly  covering  above  described.  The  scales  are 
thicker  than  those  of  Dendrerpeton,  On  the  inner  side  they  are 
concave,  with  a  curved  ledge  or  thickened  border  at  one  edge.  On 
the  outer  side  they  present  concentric  lines  of  growth.  The  com- 
panion genera  above  named  are  not  known  so  completely  as  IfylonO' 
musy  but  all  their  characters  so  far  as  known  would  place  them  with 
it  as  members  of  the  same  group  rather  than  with  Dendrerpeton  and 
its  allies.  Of  other  American  forms  it  appears  to  me  probable  that 
Savropleura  dtgitata  of  Cope  ^  may  be  very  near  to  my  genus  Fritschia, 
and  agrees  with  it  in  having  rod-like  abdominal  scales,  but  its 
head  is  not  yet  known.  Brachydectes  of  the  same  author  is  very 
near  to  Hylerpeton,  especially  as  specimens  of  the  latter  recently 
obtained  show  some  characters,  as  the  ascending  ramus  of  the  lower 
jaw,  on  which  Cope  distinguishes  this  genus. 

Of  Fritsch's  species  several  may  come  within  the  group  of  Micro- 
sauria.  The  genus  Hyloplesion  of  this  author  has  indeed  been  united 
by  Credner  with  Hylonomusy  a  position  to  which  it  scarcely  seems 
entitled,  and  Petrobates  of  Credner  is  nearly  allied,  while  Seelya  and 
Datesonia  of  Fritsch  also  approach  to  the  characters  of  this  order. 
Still  the  whole  of  these  animals  seem  very  inferior  in  development 
of  limb  and  form  of  body  to  I/ylonomus, 

I  regret  very  much  that,  owing,  as  I  believe,  to  imperfection  of 
material,  so  many  palaeontologists  have  failed  to  appreciate  fully 
the  characters  of  Hylonomus  as  a  type  of  the  higher  Carboniferous 
Amphibia  approaching  to  Reptilia. 

Fritscb,  in  the  conclusion  of  his  important  work  on  the  Stego- 

^  Ohio  Reports,  vol.  ii.  p.  388. 


I  W.  Dawson — On  Detidrerpeton  Acndianum,  ett. 

I  Gas-coal  of  Bohemia,  has  xome  valuftl>le  remarka  on 
I  animals;  aud,  llioiigfa  1  cao  by  no  means  agTc« 
I  which  he  arranges  iheni  in  families,  or  with, 
le  niiKCB  up  Lnbyrinthodontia  sod  Microsaam 
vatures  bo  differeut  as  the  Branchiosauridse  and  tlio 
If^ruup,  I  think  his  ooncluitioDS  deserve  lueutioD,  ftod 
p  nearly  in  hia  own  words  as  follows:  — 

1  the  fact  that  we  know  no  clear  links  of 
h  any  previous  animals,  he  stntea  that  on  any  Iheoty 
iliS'ereut  origins  must  be  supposed.  He  illustrales 
Iiaractera  of  the  vertebra?  in  differeut  genera,  as,  for 
incave,  the   partly  cartilaginous,  and    the   diplo- 

may  be  taken  of  their  origin,  the  increased 
I  their  EtructiireH  has  not  made  clear  as  yet  their 
p  to  modem  Amphibia  and  Reptilia;  and  only  eerves 
whether  the  distinctions  recognized  in  the  modem 
leae  ancient  creatures  in  the  same  degree.  We 
ave,  both  in  the  Labyrinthodonts  and  the  Micro* 
nnile  or  generalized  types  having  properties  akin  to 
classes,  and  these  in  very  different  degrees.  ]fwe 
L  the  general  structure  of  the  skull, 
knd  a  Einiilar  set  of  bones  in  the 
i  Blinll  find  that  in  other  reHpecls  we  have 
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18  ByhpleMian  of  Fritsoh,  and  possibly  not  ooDgeneric  with  Hylanomua 
proper,  and  certainly  less  reptilian  in  its  characters. 

"  The  question  whether  Bylonomus,  and  especially  whether  Petro* 
hates,  is  to  be  classed  with  the  Stegocephala  or  with  the  Rhyncho* 
oephala,  is  not  one  which  can  be  at  once  decided.  The  long,  bent, 
trunk  ribsy  the  marking  off  of  the  cervical  section  by  short  differently* 
shaped  ribs,  the  rhombic  homed  episternum,  the  bony  pubica,  the 
ossification  of  the  carpus  and  tarsus  taken  together  give  both 
quadrupeds  a  reptilian  habitus.  In  the  case  of  Fetrobatea  this 
becomes  more  pronounced  by  the  occurrence  of  ventral  ribs  and  of 
intercentral  lower  arches  dovetailed  in  between  the  vertebral  centres 
of  the  neck.  On  the  other  hand,  EylonomuB  and  Peir abates  have, 
like  the  Amphibians,  only  one  sacral  vertebra.  A  more  primitive 
habitus  is  also  presented  in  the  persistence  of  the  continuous  chorda, 
in  the  insignificant  superficial  ossification  of  the  elements  of  the 
skeleton,  the  absence  of  ossification  in  the  heads  of  the  hollow  bones 
of  the  extremities,'  and  in  the  uniform  shape  of  the  small  teeth. 

"  In  Bylonomus  this  becomes  strengthened  by  an  apparently  true 
stegocephalic  skull-cover,  as  well  as  by  the  thick  comb-like  develop- 
ment of  teeth  in  the  roof  of  the  mouth,  and  the  presence  of  a  ventral 
shield  of  bony  scales. 

"These  several  points  of  resemblance  connect  Hylonomm  (HyJo' 
plesion)  rather  with  the  Stegocephala,  while  Petrobates,  on  account 
of  its  ventral  ribs  and  intercentral  arches,  comes  nearer  the  Ehyncho- 
cephala.  In  other  words,  they  both  possess  a  general,  as  yet  but 
slightly  differentiated,  common  habitus,  but  in  Hylonomits  {Hyloph" 
•ton)  the  primitive  type  is  more  pronounced  than  in  Petrobates,  in 
which  already  a  great  specialization  in  the  direction  of  the  Rhyncho- 
oephala  finds  expression.  If  one,  in  considering  Pelr abates,  dis- 
regards the  skull,  which  is  not  accuiately  enough  known,  one  might 
hold  this  quadruped  to  be  a  small  Rbynchocephalian,  of  the  family 
of  the  ProterosauridsB,  if  it  were  not  that  the  presence  of  only  a 
single  sacral  vertebra  was  opposed  to  this  view.  It  appears  as  if 
Hylonomus,  Petrobates,  Palaohatteria^  and  Kadaliosanrus  belong  to 
a  natural  group  of  contemporaneous  quadrupeds,  representing  how- 
ever as  many  stages  of  specialization  in  the  direction  of  Reptiles." 

Bearing  in  mind  that  the  typical  species  of  Hylonomus,  represented 
by  H.  Lyelliy  are  in  some  important  respects  nearer  to  PalcBohatteria 
and  Kadaliosanrus  (which  are  regarded  by  all  palaeontologists  as 
generalized  reptilian  genera  tending  to  Amphibians)  than  either 
Hyloplesion  or  PetrobateSj  this  conclusion  of  Credner  becomes  very 
significant  as  to  the  position  of  the  Microsauria,  and  may  be  regarded 
as  confirmatory  of  the  conclusions  which,  though  not  a  specialist  in 
fossil  reptilia,  I  have  ventured  to  suggest  in  connexion  with  the 
species  which  I  have  been  induced  to  study,  in  consequence  of  their 
connexion  with  my  other  work  in  Carboniferous  geology. 

It  must  be  remembered  that  the  repositories  in  which  Hylonomus 
and  its  companions  are  contained  are  of  an  exceptional  nature,  and 
likely  to  have  entrapped  animals  specially  terrestrial  in  their  habits. 
^  These  characters  do  not  apply  in  so  great  degree  in  Ifylonomua  proper. 


!■  ■■■   -A^^m^^aw 


156        Henry  H.  Moworth — ElewUion  of  Eastern  Am. 

I  have  elsewhere '  referred  to  the  dftot  that  eyen  in  the  basal  beds  of 
the  Carboniferous  (Horton  series)  there  are  footprints  of  quadmpeds 
of  larger  size  than  HiflonomuB,  which  were  digitigrade,  and  had 
a  length  of  stride  comparable  with  that  of  modem  camiyorouB 
mammals.  I  therefore  anticipate  the  discovery,  in  these  Lower 
Carboniferous  beds,  of  reptiles  of  as  high  or  higher  grade  than  those 
hitherto  found  in  the  Coal-formation  or  Lower  Permian,  tbroughoat 
which  periods  the  same  or  similar  forms  seem  to  have  prevailed. 


IL — On  the  vkby  Ekgemt  and  Rapid  Elevation  of  the 

HlGHlJlNDS  OF  EaBTBBN   AsIA. 

By  HxNBT  H.  HowoiLTH,  Esq.,  M.P.,  etc.,  etc. 
{Conehukd  from  our  imst  Numb$r,  p.  104.) 

THESE  opinions  of  Mr.  Campbell,  however  clearly  and  pre- 
cisely stated,  are  so  strong  and  emphatic,  that  I  wish  to  con- 
firm them  by  those  of  another  experienced  geologist,  who  worked 
much  among  the  Himalayas,  namely,  General  McMahon.  In  '* Notes 
of  a  Tour  through  Hangrang  and  Spiti,"  published  in  the  twelfth 
volume  of  the  Hecords  of  the  Geological  Survey  of  India,  he  describes 
the  existing  glaciers  and  their  remains  in  the  district,  and  then 
says:  '*!  do  not  know  whether  any  one  has  ever  supposed  that  the 
Himalayas  were  covered  during  the  last  Glacial  period  with  an 
ice-cap.  but  I  may  note  that  whilst  I  saw  nothing  to  favour  such 
an  idea,  I  saw  much  to  negative  it  The  contour  of  the  hills  and 
valleys  in  those  parts  of  the  interior  of  the  Himalayas  that  I  have 
visited  is  sh»rp  and  angular,  and  where  rounded  outlines  are  seen, 
they  are  sufficiently  explained  by  the  action  of  subaerial  forces  on 
comparatively  soft  and  friable  rocks. 

'*  But  setting  aside  the  idea  of  an  ice-cap,  the  question  remains — 
Was  there  formerly  any  great  extension  of  local  glaciers,  and  if 
so  within  what  limits?  To  this  question  I  answer  that,  whilst  I 
saw  evidence  of  the  former  extension  of  existing  glaciers,  I  saw 
nothing  during  my  tour  to  lead  me  to  believe  that  these  glaciers 
had  ever,  within  a  reasonable  geological  period,  extended  lower  than 
11,000  or  12,000  feet  above  the  sea. 

**  On  looking  down  from  a  high  vantage  ground,  deep  narrow  side 
valleys  may  be  seen  on  the  Upper  Sutlej,  below  that  level,  in  which 
the  course  of  the  streams  flowing  through  them  is  so  sinuous  that 
the  sharp  headlands  formed  by  their  sudden  bends  interlace  like  tlie 
nuts  of  cogwheels  working  into  each  other.  The  flow  of  ioe  in  a 
glacier  being  analogous  to  the  flow  of  water  in  a  river  and  its 
tributaries,  a  grand  glacier  filling  the  valley  of  the  Sutlej  would  not 
have  prevented  the  flow  of  ice  from  the  side  glaciers  into  the  main 
glacial  stream.  But  had  these  side  valleys  ever  been  filled  with 
glaciers,  the  sharp  interlacing  headlands  would  have  been  gradually 
worn  down  to  smooth  surfaces,  and  the  valleys  straigbtened  and 
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widened.  The  only  valley  in  the  Himalayas  I  hare  yet  seen  that  is 
shaped  like  a  glaoier  yalley  is  the  Spiti  valley.  The  greater  part  of 
it  is  11,000  feet  above  the  sea,  and  its  bottom,  especially  in  the 
upper  part  of  the  valley,  is  broad  and  flat,  while  the  bounding 
mountain  sides  rise  abmptly  in  a  wall-like  manner  at  a  high  angle, 
and  send  no  sharp  projecting  spurs  into  the  valley  "  (id,  p.  68). 

Lastly  Straohey,  a  very  judicial  observer,  says,  writing  in  1880, 
*'  Till  now  no  geological  evidence  has  been  adduced  to  indicate  in 
this  region  anything  corresponding  to  the  Glacifld  epochs  of  Northern 
Europe,  to  which  these  former  extensions  of  ihe  glaciers  could  be 
attributed  "  (Ency.  Brit  vol.  xi.  p.  831). 

The  evidence  from  the  Himalayas  must  therefore  be  taken  as 
proving  emphatically  the  absence  of  anything  like  the  glacial 
phenomena  of  Europe  there.  Notwithstanding  the  enormous  height 
of  that  range,  and  its  consequent  efficiency  as  a  condenser,  and  not- 
withstanding its  close  presence  to  a  great  sheet  of  water  in  Central 
Asia  now  dried  up,  it  shows  no  traces  of  that  great  growth  of  glaciers 
which  marked  the  same  period  in  Europe  and  North  America.  I 
have  no  other  explanation  to  give  save  and  except  the  one  I  offered 
in  regard  to  the  similar  phenomena  in  the  Ural  chain,  namely,  that 
this  great  mass  and  congeries  of  mountains  was  then  non-existent 

If  we  turn  to  another  kind  of  evidence,  namely,  that  of  the  salt 
lakes,  which  are  found  scattered  over  the  vast  area  occupied  by  the 
Highlands  of  Eastern  Asia,  we  can  scarcely  escape  the  conclusion 
that  they  have  formed  within  a  not  distant  period  a  more  or  less 
continuous  sheet  of  water,  perhaps  connected  with  the  sea  which 
once  occupied  the  Uralo-Caspian  depression.  Humboldt  reports  a 
Mongol  tradition  that  the  part  of  the  Desert  of  Gobi  towards  Erghi 
once  formed  the  bottom  of  a  sea  more  than  a  hundred  leagues  in 
diameter.  The  district  is  strewn  with  salt  lakes,  and  the  saline 
plants  growing  there  are  of  the  same  species  as  the  plants  growing 
on  the  borders  of  the  Caspian  (Humboldt,  Tableaux  de  la  Nature, 
vol.  i.  pp.  95-97). 

The  Chinese  reports  about  the  country  of  Lob  Nor  are  to  the 
same  effect,  and  are  probably  based  on  an  induction  from  its  physical 
appearance.  Valikhanof  says  of  Kashgaria :  "  The  interior  of  the 
country  is  a  sandy  desert,  the  peculiar  features  of  which  first  become 
visible  in  the  eastern  slopes  of  an  undulating  range  of  hills,  of  no 
great  width,  between  Yanyshahr  and  Yarkand.  From  this  region  it 
gradually  widens  as  it  runs  to  the  eastward,  where  it  forms  the  vast 
Gobi  devoid  of  all  vegetation,  though  interspersed  with  reservoirs  of 
brackish  water,  and  where  the  sand  is  heaped  in  such  lofty  ridges 
that  the  inhabitants  give  them  the  name  of  Gag  (mountain).  The 
parts  that  lie  at  the  foot  of  the  mountains  have  a  clayey  soil,  strewed 
with  small  stones,  and  in  some  places  impregnated  with  salt " 
(Michell's  Essays  on  Central  Asia,  pp.  110-111). 

**  There  are  many  lakes  in  Little  Bokhara,"  says  the  same  writer, 
"all  lying  along  the  borders  of  the  inner  desert,  and  containing 
brackish  water"  (id.  p.  118).  Dr.  StoHzcka,  who  accompanied  Sir 
Douglas  Forsyth's  mission,  speaks  of  the  entire  soil  in  the  valley  of 
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;  very  saline.    Sonth-east  of  Taitma  a  large  quantity 

nibtcal  cryitnla  is  collected,  and  lie  adds,  "The  fact 

:li  a  large  quantity  of  saline  matter  togetlier  with 

In  the  southern  part  seems  to  prove  that  the  Jilga  at 

ihly  most  of  the  others,  haJ  licen  washed  out  by  the 

I  while  other?  had  gradually,  tboiigb  only  partially, 

aline  matter,  thie  one  retained  it,  because  it  haa  at 

t.      It  is  in  fact  a  dried-up  saliDe  lake,  which  at 

a  was  cut  off  from  the  sen  of  which  it  was  a  fiord" 

llission  to  Yarkand.  pp.  472-473). 

1  speaking  of  this  wide  plain,  Bays,  "It  is  girt  round 

[micircutar  collar  of  mountains   of  the    loftiest  and 

[wter,  often  riaing  in  ridgee  of  18,000  to  20.000  feet 

e  Ibe  peaks  ehoot  up  to  25,000  and  even  28,000  feet. 

'  1  the  liorse-shoe-shaped  space  inclosed  by 

1,    though   deeply  depressed    below  them, 

|eight  above  the   sea   varying  from   6000   feet   at    the 

t  2000  in  the  middle,  and  formed  the  bfd  of  nn  aneieat 

I  Kuija  to  Lob  Nor,"  by  Prejevalsky,  translate  by 

H),     Speaking  of  the  Tartm  River,  (he  same  geologist 

legion  through  whii:h  it  flows  is  highly  charged  with 

sweet  water  are  rare,  and  only  appear  on  the  bonier 

n  in  the  high   mountains  the  basins  mostly 

ly  valleys  of  the  Altyn  tagh,  at  a  height  of 

'  found  the  water  brackish.     The  water  of 
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If  we  go  to  the  other  extremity  of  the  great  plateaa,  namely, 
where  it  spreads  out  into  the  Desert  of  Gobi,  we  cannot  read  any 
traveller's  report  of  its  barren  wastes  scattered  with  salt  lakes 
without  coming  to  the  same  conclusions  about  it  Beclus  describes 
it  in  his  picturesque  language:  ''The  Gobi/'  he  says,  'Mike  the 
Sahara,  was  formerly  covered  by  the  waters  of  the  ocean,  eyen  on 
the  elevated  plateaux,  old  cliffs  may  be  noticed,  the  bases  of  which 
are  worn  away  by  the  waves,  and  long  strands  of  round  shingle 
stretch  around  the  area  which  was  formerly  occupied  by  a  now 
vanished  gulf"  (The  Earth,  p.  100). 

It  thus  appears  that  the  surface  of  the  plateau  inclosed  by  the 
great  mountain  ramparts  of  Asia  bears  continuous  eyidenoe  of  being 
the  yery  recently  (geologically  speaking),  desiccated  bed  of  a  sea, 
that  is,  bears  witness  to  a  yery  recent  and  wide  upheaval. 

Evidence  that  great  masses  of  water  have  passed  over  the  ground 
quite  recently  is  forthcoming  in  the  sheets  of  auriferous  gravel  con- 
taining the  bones  of  the  big  mammals  which  are  strewn  over  the 
flanks  of  tbe  Altai  in  precisely  the  same  way  that  they  are  over  the 
Ural  mountains,  and  necessitating  the  same  conclusion;  and  the 
very  wide- stretching  mantle  of  shingle  which  Drew  and  others 
describe  as  covering  large  parts  of  the  plateau  of  Ladakh,  etc., 
seems  to  point  the  same  moral. 

Speaking  of  the  beds  in  the  elevated  valleys  of  the  Himalayas, 
Strachey  says:  "As  in  the  case  of  the  plain  of  India,  we  here,  too, 
have  no  complete  proof  of  tbe  origin  of  these  great  nearly  horizontal 
deposits;  but  it  seems  clear,  from  the  materials  of  which  they  are 
formed,  that  they  must  have  been  laid  out  by  water,  either  by  the 
sea  or  by  some  great  inland  lake.  They  are  largely  composed  of 
boulder  deposits,  and  large  boulders  are  strewn  over  the  surface 
imbedded  on  the  ground  in  a  manner  that  seems  only  explicable  as 
the  result  of  the  action  of  a  considerable  body  of  water  (Ency.  Brit. 
vol.  xi.  p.  828). 

Again,  the  researches  of  P(^re  David  on  the  mountains  separating 
China  and  Mongolia  agree  with  the  remarks  of  Stolizcka  about  the 
Eashgar  country  and  of  the  authors  of  the  Manual  of  Indian 
Geology,  that  the  rocks  themselves  bear  testimony  to  very  recent 
disturbance  on  a  large  scale  in  this  area ;  and  following  in  the  wake 
of  Med  licet  t  and  others,  Strachey  says,  "  The  general  conclusion  that 
may  be  drawn  from  the  facts  of  structure  thus  briefl}'  indicated  is 
that  the  elevation  of  the  Himalaya  to  its  present  great  height  is  of 
comparatively  recent  occurrence"  (Ency.  Brit.  vol.  xi.  p.  828). 

Tlie  same  view  is  maintained  by  Mr.  Lydekker  in  regard  to  the 
outliers  of  the  Himalayas,  known  as  the  Siwaliks,  the  upper  beds 
of  which  belong  to  Pliocene,  if  not  later  times.  Ho  says,  '*  In  all 
the  Jamu  district,  at  all  events,  tbe  Siwalik  strata  are  carried  up  and 
contorted  by  the  conformable  underlying  rocks;  it  is  evident  that 
these  older  rocks  have  only  been  raised  at  a  comparatively  recent 
period  to  the  elevation  at  which  we  now  find  them,  and  that  conse- 
quently in  Siwalik  times  the  whole  of  the  outer  belt  of  the  Himalaya 
must  have  been  much  lower  than  at  present.'*    In  another  paragraph, 


/  E.  Sovorth—Ekcalion  of  Eastern  Asia. 

i6  Siwaliks,  he  gays,  "Even  their  topmost  bads  are 
crushed  in  every  conceivable  manner,  indicating  the 
period  down  to  which  the  upheaval  of  the  Hiniabys 
{Kecords  Qeol.  Survey  of  India,  vol.  ix.  p.  100). 
e  evidence  which  is  Etill  more  striking,  and  vrhich 
}  point  cotiolusively  not  only  to  the  upheaval  having 
t  rapid. 
1  IjIs   Be]iq\iife   Diluvianse,  speaks   at  oertain  hones 

Deer  procured    by  Captain   Webb  from  the  Chinese 
a,  who  assured  him  that  they  were  found  on  the  nnith 
)wy  ridge  of  Kylas.  in  UL  32",  at  a  spot  which  Webb 
'  not  lees  than  16,OCiO  feet  above  the  sea-level.     They 
led  with  the  masses  which  fall  with  avalanches  from 
jierpetual  snow,  and  are  said  by  the  natives  to  have 
clouds  and  to  he  tlie  bones  of  genii.    Their  medullary 
ncelli  were  lined  or  entirely  filled  with  white  crystal- 
nf  lime,  beautifully  transparent,  the  bone  being  white 
lieiit  to  the  tongue.     With  them  were  found  the  bones 
3  discovery  of  these  bones  in  such  a  situation,  amidst 
.',  and  quite  out  of  the  habitat  of  Deer  and  HorseB, 
('led   Buoklnnd'a    notice.       He    urged    that    they    are 
imals    drifted   to   Iheir   present   position    by   diluvial 
il,  pp.  222-223).     They  seem  to  me  to  evidence  very 

Ihftt  the  Himnlayas  have  been  very  greatly  elevated 
:  were  deposited. 
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have  subsisted  it. "     In  the  case  of  the  Rhinooeros  the  inoisor 

teeth  are  deficient  in  number,  and  the  greater  portion  of  them  rudi- 
mentary in  form,  and  even  deciduous.  It  may,  therefore,  be  very 
safely  predicated  of  all  the  species,  fossil  or  existing,  that  they  could 
never  subsist  by  browsing  on  a  herbaceous  vegetation ;  they  want 
ike  nippers  which  enable  the  Horse  and  Ruminants  to  subsist  on  low 
grass ;  and  their  food  must  either  be  derived  from  large  reeds, 
shrubs  or  trees,  none  of  which  are  now  found  in  Tibet "  (Memoirs 
vol.  i.  p.  180). 

Again,  speaking  of  Lyell's  theory  about  the  possible  transportation 
of  the  Siberian  Rhinoceros,  Dr.  Falconer  says,  "  But  these  conditions 
will  not  apply  to  the  Hioondes ;  the  Rhinooeros  could  neither  have 
migrated  to  its  mountain-locked  plain,  from  the  side  of  Hindostan 
by  the  passes  where  men  and  goats  can  hardly  find  their  way  save 
by  the  artificial  aid  of  scaffoldingiB,  nor  is  it  apparent  how  they  could 
have  been  transported  to  their  present  resting-place  from  a  higher 
tract"  (Mems.  p.  180).  He  then  goes  on  to  postulate  an  upheaval 
on  a  hage  scale  of  the  whole  Himalayan  range  since  the  Rhinoceros 
was  living  there. 

In  support  of  Dr.  Falconer's  view  about  the  impossibility  of  a 
large  herbivorous  fauna  having  lived  in  these  high  valleys  under 
present  conditions,  1  should  like  to  quote  Mr.  Drew,  who  was  very 
familiar  with  the  plateaux  of  Ladakh.  He  says,  "  Vegetation  exists 
bnt  here  and  there ;  generally  every  ten  or  fifteen  miles  is  to  be 
foDud  some  hurise  or  Eurotia,  the  plant  that  serves  for  fuel,  although 
at  one  halting-place  moss  is  obtained  in  its  stead,  and  at  another 
neither  hurise  nor  moss  can  be  got.  Pasture  is  still  rarer ;  on  leaving 
the  last  halting- place  in  the  Chonglung  branch  of  the  Changchenmo 
valley,  we  had  to  pass  over  60  or  70  miles  before  reaching  any  grass ; 
the  first  find  was  at  Lokzhung,  a  halting-place  in  the  middle  of  the 
mountains  of  the  same  name.  On  the  Kuenlun  plains  grass  is 
equally  scarce.  .  .  Of  wild  animals  one  would  think  from  the  foot- 
prints that  great  numbers  must  live  in  the  plains  and  the  surrounding 
mountains ;  but  one  sees  few,  and  on  reflection  it  appears  that  the 
many  footprints  are  the  work  of  a  comparatively  small  number  of 
individuals,  for  in  this  country  a  mark  may  stay  unobliterated  for 
years"  (Jummoo  and  Kashmir  Territories,  p.  352). 

Recently  (Records  Geol.  Survey  of  India,  vol.  xiv.  part  2),  Mr. 
Lydekker  has  discussed  these  remains,  and  arrived  at  a  different 
conclusion  to  Dr.  Falconer;  but  I  confess  I  cannot  follow  his 
reasoning.  He  once  deemed  them  to  be  of  Siwalik  and  not  of 
Pleistocene  age.  He  now  admits  they  are  of  the  latter  period,  Mr. 
Griesbaoh  having  found  the  beds  from  which  they  came,  and  found 
them  lying  horizontally  upon  highly-tilted  Tertiaries,  which  are 
presumed,  says  Mr.  Lydekker,  to  correspond  with  some  members  of 
the  Siwalik  series  of  the  outer  hills. 

Their  age  being  unquestioned,  Mr.  Lydekker  objects  to  the  beds 
having  been  raised  since  they  were  deposited  to  the  extent  of  16,000 
feet,  because  they  are  horizontal.  A  few  paragraphs  further  on  he 
allows  that  he  would  not  have  been  surprised  if  the  elevation  had 
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K)  fMt,  and  he  further aMi  that  "  tbe  poBBibility  of  snoh 
lion  is  countenanced  l<y  the  fflot  ihal  the  Pieietocene 
ats  of  the  valley  of  Kashmir  have  undergone  aeon- 
unt  of  diHlnrbanee."     This  Tneans,  I  premiiae,  that  heils 
1  their  horizonlality  if  raised  up  J500  feet,  but  not  if 
d  15.000.     To  roe  the  very  reverse  of  this  seenw  W 
ilevation  of  1500  feet  means  that  the  force  probsbly 
'  a  email  area  and  would  cause  a  great  deal  of  local 
An  elevation  of  15,000  feet  operating  over  the  immense 
by  the  highlands  of  Eastern  Asia  would   mean  the 
irobable  raiBing  of  large  areas  without  disturbing  tbeir 

understand    another    argnment    of  Mr.  Lydekker'e, 
.here  were  probably  snme  considerable  theeta  of  water 
h  would  modify  the  cliniale  considerably,  and  make  it 
beae   large   herbivores  to   live   there   at   the  present 
t  the  presence  of  more  wafer  would  rondify  the  climate 
BBKuredly  not  in  the  direction  Mr.  Lydekker  urges. 
00  feet  Bijove  tbo  sea-level  would  feed  glaciers  and  not 
reason    why  the   present  Himalayan    glaciers  are  so 
seeraa  to  be  entirely  dne  to  the  desiccation  of  the 
if  there  were  only  watery  vapour  to  condense,  the 
leys.  15,000  feet  above  the  sea-level  wonbl  assuredly 
it  enuugh.     This  is  the  very  reason  why  the  glaciers 
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imall,  were  Bpeoies  of  Planorhta  and  Limnaaf  apparently  identical 

with  thoae  afterwards  found  in  the  neighbourhood  of  Iskardo,  but 

qoite  different  from  those  of  the  salt  lake  of  Thogji  (td.  pp.  198-9). 

Canningbam   not  only  refers  to  the  same  fact,  but  explains  it 

Speaking  of  the  former  presence  of  wide  sheets  of  fresh  water  in 

liuiakh,  he  saySy  "Their  existence  is  further  proved  by  the  abundance 

olfrtsk-waier  shells  that  are  found  in  the  sandy  clay  deposits  around 

the  present  BalUwater  lakes  and  on  the  dry  plain  of  Eyang.     These 

shells  are  of  two  kinds.  Ldmnaa  aurietUaria  of  all  sizes  and  Cyelaa 

nmeolo,  which  is  only  found  of  very  small  size  preserved  in  the 

interior  of  the  larger  shells.     As  these  mollusca,  says  Cunningham, 

do  not  now  exist  in  Ladakh  at  a  greater  elevation  than  between 

eleven  and  twelve  thousand  feet,  it  seems  a  probable  conclusion  that 

the  ooontry  must  at  some  former  period  have  enjoyed  a  very  much 

milder  climate  than  that  of  the  present  day  "  (Cunningham,  Ladakh, 

p.  193).     That  is  to  say,  the  level  of  the  country  must  have  been 

mnoh  lower. 

The  kind  of  evidence  I  have  here  adduced  might  be  multiplied, 

bnt  what  I  have  quoted  must  suffice  for  the  present,  and  to  what 

does  it  testify  with  most  converging  emphasis  ?    Assuredly  to  the 

conclusion  that  the  great  mountain  masses  of  Blastem  Asia,  with  the 

plateau  they  girdle  and  support,  form  a  very  recent  feature  in  physical 

geography,  and  that  the  date  of  their  upheaval  was  in  all  probability 

as  late   as   the   time  when    the   Mammoth  age  came   to   an  end, 

and  when  the  remains  of  that  grtot  Elephant  and  his  companions 

were  scattered  over  the  flanks  of  the  Altai,  and  his  contemporaries 

were  entombed  among  the  snows  of  the  Uioondes. valley  in  far-off 

Tibet.     The  evidence  of  this  seems  to  me  to  be  overwhelming,  and 

it  becomes  still  more  so  when  it  is  not  only  found  to  be  consistent 

with,  bnt  to  alone  explain  how  the  former  mild  climate  of  Northern 

Siberia  was  converted  into  a  very  severe  one,  how  the  great  Asiatic 

Mediterranean  was  drained  of  its  waters  and  a  large  portion  of  its 

bed  converted  into  the  salt-incrusted  plateaux  of  Tibet  and  Kashgaria, 

and  how  its  drainage  swept  away  the  fauna  of  Northern  Asia,  and 

not  only  drowned  the  animals,  but  buried  their  carcases  intact  under 

continuous  beds  of  gravel  and  clay  over  many  degrees  of  longitude. 

Among  the  sympathetic  readers  of  my  Mammoth  book  there  have 

been  some  whose  judgment  I  highly  prize,  who  have  often  asked 

me  for  a  cause  capable  of  such  effects  as  1  there  postulate.   In  regard 

to  those   effects  in  Asia  at  all  events,  it  will  be  admitted  that, 

granting  the  validity  of  my  induction,  I  have  produced  in  this  and 

recent  papers,  published  in  the  Geolooioal  Magazine,  a  cause  which 

is  competent  and  which  explains  all  the  facts.    The  argument  of  my 

Wk  extended  of  course  beyond  the  limits  of  Asia,  and  perhaps  I 

inay  be  permitted  in  another  paper  to  apply  the  reasoning  I  have 

here  employed  to  the  Great  Cordillera  of  America. 
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;s  are  in  continuation  of  my  former  paper  "  On  tlie 
Origin  of  Home  Slates"  (Geological  MiOAzrHB  for 
,  IHaO).     Since  ite  publication  I  have  endeavoured  to 
"urtber  knowledge  of  the  constitution  of  the  fireclays 
ftpures,  which  1  regard  as  so  well  calculated  to  throw 
igin  of  maoj  slates,  and  especially  I  desired  to  get,  if 
le  more  evidence  as  to  the  aiippoaed  regenenitiou  of 
It]  connexion  with  the  intimately  asaociated  question 
isdles. 

iject  I  have  tried  to  get  as  good  a  separation  of  the 
the   clay  as  the    vory  imlavourable   nature   of  the 
allow,  and   this  I  l^ave  done  by  meano  of  a  rather 
tedious  course  of  what  may   be  called  "fractional 
riiis  may  be   carried  out  in  various  ways,  but  tlie 
*  found  best  suited   is  suspension  of  thoroughly  dis- 
^  in  water  in    large  beakers,  and  syphoning  off  the 
-ion  after  appropriate  periods  of  settlement. 

t  material   for  microscopie  examination  from  which 
on  may  be  had  which  could  not  so  well  be  obtained 
"  of  clay,  and  which  to  Bome  extent  supplements  and 
was  formerly  observed. 
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These  Tarions  portions  separated  were  oolleoted  by  settling  into 
smaller  and  smaller  beakers,  and  finally,  as  thick  mud,  into  stoppered 
bottles.  Tbey  were  mounted  for  examination  by  mixing  some  of 
the  mud  with  a  Tery  little  gum-water  and  painting  very  thin  films 
on  the  slides  with  a  camel-hair  brush,  drying,  and  covering  with 
balsam  and  thin  covers.  With  a  little  care  even  the  finest  portions 
oonld  thus  be  got  so  that  single  flakes  and  grains  could  everywhere 
be  examined. 

The  three  fijiest  portions  A,  B,  C,  under  the  microscope  are  seen 
to  contain  far  away  the  largest  portion  of  the  rutile-needles  of  the 
clay.  These  are  exceedingly  abundant.  The  main  portion  of  these 
finest  slimes  consists  of  very  minute  flakes,  the  smallest  of  which, 
especially  in  A,  can  only  be  seen  when  examined  in  water  instead 
of  balsam,  many  of  the  others  being  only  seen  in  balsam  by 
lowering  the  condenser  very  much.  Without  specifying  anything 
forther,  it  is  safe  to  say  that  most,  if  not  all,  of  this  distinctly  flaky 
material  is  micaceous ;  and  as  A,  B,  C  make  up  a  large  part  of  the 
portion  levigated,  this  very  small  micaceous  substance  is  a  leading 
component  of  the  original  clay.  The  larger  bits  are  distinctly  seen 
to  have  a  greenish  or  yellowish  tinge.  Not  a  single  bit  can  be  seen 
which  could  for  a  moment  be  mistaken  for  biotite.  In  no  case  is 
any  bit  seen  which  contains  rutile ;  the  two  minerals  are  here  quite 
separate. 

Micaceous  ilmenite  in  small  flakes,  and  little  plates  and  grains 
of  epidote,  are  rather  abundant,  also  a  good  deal  of  matter  too  minute 
for  any  sort  of  identification.  I  cannot  make  out  anything  that 
could  be  safely  referred  to  **  Kaoline." 

In  the  next  grades,  D  and  E,  we  of  course  get  among  larger- 
grained  material,  and  here  a  considerable  number  of  flakes  are 
seen  more  or  less  full  of  rutile-needles.  It  was  such  flakes  which 
I  was  specially  anxious  to  isolate. 

The  first  thing  to  remark  about  them  is,  that  though  they  vary 
a  good  deal  in  size,  the  upward  limit  is  pretty  sharply  marked  off 
against  the  flakes  which  do  not  contain  rutile ;  and  when  the  next 
coarser  grades  of  levigated  material,  F  and  G,  are  examined,  this  is 
again  strongly  emphasized.  The  number  of  rutiliferous  flakes  is 
much  less  than  in  D  and  E,  and  those  present  are  largely  due  to 
the  carrying  over  of  one  grade  into  another ; — to  the  inevitable  im- 
perfection of  the  separation. 

Considering  then  the  whole  of  the  rutiliferous  flakes  in  D,  E,  F,  G, 
those  over  TT^(7irth  of  an  inch  in  largest  diameter  are  rare,  those 
reaching  to  that  size  are  not  a  large  proportion ;  the  fairly  average 
lize  of  what  might  be  called  the  larger  flakes  being  about  -rsV^th 
of  an  inch  across.  From  this  downwards  there  are  all  sizes  till 
a  lower  limit  is  reached,  beyond  which,  as  in  A,  B,  and  0,  no 
c<miained  rutile  is  seen. 

If  the  flakes  are  studied  in  detail,  it  is  soon  seen  that  only  some 
of  the  smaller  ones  are  single  flakes  at  all.  Every  larger  one  is 
Been,  by  its  extinctions,  to  be  an  aggregate  of  more  or  less  numerous 
smaller  flakes  overlapping  one  another,  and  with  different  optical 
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orientation.  The  majority  of  these  oouiplex  flakes  have  all  their 
component  flakelets  lying  flat  in  one  plane;  bat  some  are  seen, 
especially  among  the  coarser  material  of  F  and  G,  which  are  more 
or  less  globular  aggregates,  in  which  the  mica  lies  at  all  asimathsi 
those  bits  seen  edgewise  depolarizing  very  brilliantly. 

I  may  here  remark  that  when  the  same  levigation-prooess  was 
carried  out  with  a  coarser  band  of  the  Seaton  clay, — the  gprade  of 
coarseness  next  following  the  fine  fireclay, — just  the  same  resalts 
were  obtained.  A  much  less  relative  proportion  of  the  finer  material 
was  obtained,  of  course,  but  what  was  got  was  similarly  composed, 
and  the  limits  of  size  of  the  mtiliferous  flakes  were  the  same. 

Most  patient  search  was  made  for  flakes  which  might  allow  of 
tests  in  convergent  polarized  light ;  but  not  one  could  be  found  of 
sufficient  size  which  was  not  complex,  and  therefore  useless  for  that 
purpose.  One  or  two  "  figures "  which  I  thought  I  had  obtained, 
in  "sections"  of  the  days,  from  mtiliferous  flakes,  are  therefore 
very  doubtful  and  of  no  value ;  probably  due  to  original  muscovite 
imperceptibly  mixed  in  with  the  secondary  minerals. 

The  same  difficulty  occurs  in  examining  slates.  Not  in  the 
thinnest  parts  of  the  thinnest  sections  it  is  possible  to  make  have 
I  ever  succeeded  in  finding  a  single  simple  flake  of  the  mtiliferous 
niioa.  It  is  all  a  felted  complex  of  small  flakes,  exactly  similar  to 
the  larger  of  the  complex  flakes  in  these  clays. 

The  study  of  A,  B,  G,  in  conjunction  with  the  coarser  grades, 
leaves  no  doubt  on  one's  mind  that  the  bulk  of  the  material  of  the 
former  results  from  the  disintegration  of  the  complex  flakes  and 
globular  aggregates  described;  the  rutile  lies  mainly  in  between 
the  minute  component  flakelets,  and  is  set  free  when  these  are 
detached,  except  in  relatively  few  cases  of  larger  single  flakelets. 

Inhere  will  also  doubtless  be  present  in  the  finest  slimes  more  or 
less  of  minute  flakes  of  original  muscovite,  though  most  of  this 
mineral  in  this  fine  state  of  division  has,  I  think,  been  absorbed  into 
the  new  combinations. 

In  all  the  coarser  grades  there  is  present  a  good  deal  of  original 
clastic  muscovite,  much  more  than  would  be  supposed  from  examin- 
ation of  sections  of  clay,  where  much  of  it  is  hidden.  All  this 
muscovite  is  perfectly  colourless  and  clear,  and  free  from  any  trace 
of  mtile.  The  supposed  secondary  mica  is  all  very  distinctly 
coloured,  mostly  yellow,  sometimes  greenish,  and  larger  flakes  are 
more  or  less  turbid. 

Flakes  of  altered  biotite  are  also  not  scarce,  now  that  levigation 
has  set  them  free.  They  are  relatively  large,  easily  recognized,  still 
considerably  active  in  polarized  light  and  dichroic  when  seen  edfi:e- 
wise,  but  flat  sections  are  all  quite  inactive  in  convergent  light, 
being  all  more  or  less  advanced  in  the  process  of  waste  and  bleaching, 
with  the  same  formation  of  epidote,  etc.,  as  described  in  the  coarser 
material  in  my  former  paper. 

No  Bach  flakes  which  can  be  identified  as  biotite  in  any  stage  of 
decHjr  contain  any  rutile  whatever. 
There  is  nothing  special  to  retnaxVL  «\io\x\.  V>[i^  ^'Osict  \ss:\\i^T^^\&. 
these  coarser  parts  of  the  leviga-^^  ^^^^-    QjaasX:^  ^^i^-s^a  ^gpsss^ 
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appear, — the  latter  soaroe,  —all  completely  rounded  and  many  carrying 
more  or  less  a  skin  of  ruriliferoas  "paste,"  in  spite  of  all  the 
washing  and  agitation.  I  think  it  is  really  corroded  on  to  the  suh- 
Btance  of  the  grains  in  many  cases.  A  few  heautifnl  little  crystals 
of  anatase,  both  pyramidal  and  tabular,  are  not  missing. 

Looking  at  the  facts  stated,  the  one  which  appears  to  have  most 
bearing  on  the  main  point  concerned  is  the  pretty  strict  upward 
limit  of  size  of  the  rutiliferous  flakes. 

If  we  suppose  the  rutile-needles  to  have  been  contained,  as  such, 
in  the  original  clastic  material  as  it  was  deposited  in  these  beds, 
then  we  should  find  no  such  limit  of  size.  If  the  rutile  were 
contained  in  the  micas,  for  instance,  we  could  not  well  find  any 
reasoning  to  explain  why  only  flakes  up  to  a  certain  small  size 
should  be  rich  in  it,  while  those  of  larger  size,  from  which  the 
smaller  ones  musi  have  been  derived  (on  the  supposition  that  what 
we  now  see  is  all  primary  deposit),  should  be  absolutely  free  from  it 
These  rutile-needles  are,  as  I  have  before  maintaineid,  the  key  to 
the  whole  question.  Some  writers  have  simply  ignored  them,  others 
make  very  light  of  them.  Thus  Kotb  (Ohemische  G^logie,  vol.  ii. 
1887,  p.  586)  doubts  that  any  proof  has  been  given  of  the  authigenic 
origin  of  the  rutile-needles  in  slates ;  and  again  in  his  latest  volume 
(Allgemeine  Greologie,  vol.  iii.  1890,  pp.  169-170)  returns  to  the 
sobject  and  contests  the  views  of  liosenbusch  and  Lessen  as  to  the 
secondary  origin  of  the  colourless  mica  of  clay-slates,  dealing  with 
the  rutile-needles  by  saying  that  **  separation  of  the  titanic  acid  of 
weathered  micas  as  rutile  is  often  enough  observed." 

As  regards  this  supposition,  that  the  ru tiles  in  question  in  these 
fireclays  may  be  due  to  any  simple  weathering  of  biotite,  the  same 
argument  as  to  the  size  of  flakes  appears  again  to  be  difficult  to 
answer.  We  might,  perhaps,  say  that  the  larger  the  flakes  the  less 
they  would  be  susceptible  to  such  weathering.  (This  is  not  the 
case  with  the  process  of  decay  of  biotite,  pure  and  simple,  as 
described  in  my  former  paper.  The  large  flakes  suffer  as  much 
as  smaller  ones.  Nor  does  it  seem  true  of  biotite  in  any  sort  of 
weathering ;  chloritization,  for  instance.  Big  flakes  are  attacked  as 
easily  as  little  ones,  the  extreme  fissility  apparently  counterbalancing 
the  greater  size.) 

But  even  on  this  supposition  no  approach  to  a  sharp  line  would 
be  seen;  the  diminution  of  the  amount  of  weathering  and  of  the 
resultant  rutile  would  be  more  or  less  gradual  in  proportion  to  size. 
Of  course  we  know  that  biotite  does  sometimes  give  rise  to  rutile 
directly  during  weathering.  What  are  the  conditions,  either  in  the 
original  biotite  or  in  the  method  of  weathering,  which  cause  this,  we 
do  not  know ;  but  we  do  know  that  it  is  relatively  rare  compared 
with  the  universal  weathering  of  biotite  toithoui  any  formation  of 
rutile.* 

*  In  those  cases  where  the  separated  rutile  is  arranged  in  approximately  hexa- 
gonal star- forms,  more  or  less  conformable  to  the  symmetry  of  the  containing  mica, 
I  consider  that  it  is  due  to  other  causes  than  weathering,  viz.  sometimes  to  original 
crystallization,  hut  more  often  to  powerful  dynamic  action,  and  that  it  is  in  the  same 
category  u  the  symmetrically  arranged  mtile  in  some  micaceous  ilmenlte,  and  in. 
ttgenite. 
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deposils.  dTiveii  from  granite-waste,  the  biotile  ii 

to  give  rise  direct  to  any  crystals  of  rutile,  any 

oes  iu  moet  graniteB,  etc.,  wLere  it  is  undergoing 

my  own  mind  of  etudying  the  slates,  passing  from 
reclays  and  associated  sliales  (for  reasons  formerly 
-k  again  to  the  ulates,  having  npproaclied  the  maltar 
as   one  way   or  other,  is   that    I    caunot   come  to 
lusion  than'  that  the  main  mass  of  mica,— all  the     ' 
!a, — of  the  slates  is  a  new  formation,  posterior  to 
that  in  the  fireclays  and  shales  the  same  thing  has 
i   progressed  iu  the  same  msiiner  up  to  a  certain 

most  of  our  slates  were  produced  from  deposils  of 
nature  by  a  continuation  and  iiitonsi  Goat  ion  of  iha 
Te-I. 
k  Dr.  Irving  for  his  very  kindly  and    encouraging 

GEOLOGiciL  M&OiZisE  for  December)  oonceming 
y  lillie  study  of  the   clays,  etc.  but  I   do   not  think 
i)W  him  in  the  conclusions  be  draws. 
5,  will  it  be  quite  safe  to  say  that  the  fireclays  of 
i  (or  any  other  Cart>oniferous  clays  and  shales)  ha»-e 
ynamiu  melnmorpbism  whatever,  even   though  what 
did  not  suffice  to  alter  the  deposits  into  hard  cleaved 
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and  their  formation  into  slates,  was  the  result  of  very  severe 
"  dynaraometamorphic "  action  and  could  not  be  brought  about, 
as  regards  the  ooarser  parts  of  the  deposits,  without  its  aid.  Still, 
these  are  only  "views,"  and  nobody's  views  are  of  very  much 
authority  in  the  present  state  of  our  knowledge  of  these  matters. 
We  want,  perhaps,  more  facts  and  less  views.  My  excuse  for  stating 
mine  above  must  be  my  desire  to  escape  some  remorse  for  the  thing 
Dr.  Irving  says  I  have  done  I 

I  may  mention  that  since  my  first  paper  I  have  examined  clays 
and  shales  from  the  Derbyshire  coal-field  (Clay  Cross),  and  with  the 
same  results.  Materials  from  all  the  coal-fields  seem  to  be  of  like 
nature,  derived  from  the  same  or  a  similar  source, — a  granite  (or 
gneiss  ?)  with  two  micas,  biotite  being  in  excess. 

As  regards  the  composition  of  all  these  fireclays,  I  would  once 
more  emphasize  the  fact  that  they  are  not  '^  hydrous  silicates  of 
alnnnina.'*  The  results  of  chemical  analysis  chance  to  lend  them- 
selves tolerably  easily  to  this  interpretation ;  but  it  is  quite  a  wrong 
one.  The  analyses  are  quite  as  well  suited  to  a  material  mainly 
composed  of  strongly  hydrated  altered  micas.  Writers  dealing  with 
fireclays  seem  to  have  thought  that  every  chemical  analysis  must  be 
worked  up  into  a  "formula,"  just  as  is  done  so  much  in  the  case  of 
metallurgical  slags,  even  though  in  both  cases  a  glimpse  through  the 
microscope  would  show  the  complexity  of  the  substance  and  the 
uselessuess  of  the  formula. 
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IV. — On   Various  Crtstallinr  Eooks. 

By  Alfkbd  Harker,  M.A.,  F.G.S., 
Fellow  of  St.  John's  College,  Cambridge. 

(i.)    Pyroxenite  {Webster tie)  from  FohellOy  Lomhardy, 

CRYSTALLINE  rocks  containing  neither  felspar  nor  olivine  have 
received  but  little  or  no  attention,  except  from  one  or  two 
American  geologists.  Dr.  G.  H.  Williams*  has  recently  drawn 
attention  to  these  rocks,  of  which  he  proposes  to  constitute  a  family 
of  Pyroxenites  coordinate  with  Hosenbusch's  family  of  Peridotites ; 
and  has  described  from  Maryland  and  North  Carolina  a  type  consist- 
ing entirely  of  monoclinic  and  rhombic  pyroxenes,  to  which  he  gives 
the  name  Websterite.  The  occurrence  of  a  similar  rock  in  Northern 
Italy  seems  worth  recording.  Our  specimens  were  collected  by  Mr. 
E.  J.  Garwood. 

To  the  eye  the  rock  appears  as  a  coarsely  crystalline  aggregate  of 
lustrous  black  diallage,  in  which  the  rhombic  pyroxene  which  forms 
the  second  constituent  is  scarcely  to  be  distinguished.  The  specific 
gravity  of  the  rock  is  3*229. 

A  slice  [1086]  shows  the  rock  to  consist  of  large  plates  of  diallage 
moulding  smaller  grains  of  hypersthene,  neither  mineral  having 
any  external  crystal  form. 

The  hypersthene  is  the  first-formed  mineral,  and  builds  irregular 

^  American  Geologist,  July  1890. 
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np   to  one-tenth   of  an   inch    in  diameter,  showing 
iroiam  in  pink  and  gtven  liuts.     Cleavages  parAllel  la 
liUs  occur,  in  aiMition  to  ihe  usual  priemalio  cloavage. 

a  minute  "schiiler"  structure,  apparently  parallel  lo 
aooiil,  btrflides  larf^r  inclusiona,  which  have  the  same 
d  appear  to  be  of  the  nature    of  rbomboidal  oavitie* 
le  dark  bruwn  furruj^nous  nialeiial.     The  abaorption- 
as  can  be  made  out  in  raudou  sectiuna,  are,  paralliil  to 
a=a    ...  rose-pink ; 
/j=b  ...  nearly  colourless  ; 
7=0    ...  pale  apple-green. 
B  IB  in  colourless,  irregular  plates,  often  slij;htly  bent 
;r  broad  bands  following  Iho  orthopinac«idal  parting 
iding    to    the    '■solution-planes."     These    bands    are 
times  by  a  ralonrtesa  and  highly  birefriiigent  crystalline 
ilcito,  sumetimea  by  brown  or  greenish- brown  matter. 
)ng  cleavage  always  making  a  high  angle  with  these 
)bably  parallel  lo  the  basal  plane  ;  this,  too.  aecms  to 
1  of  chemical  weakness,  though  a  leas  marked  one. 
eil  cleavages  correspond,  no  doubt,  to  the  prisni-faces. 
tber  mineral  which  can  be  considereil    original  is  a 
pleochroic  hornblende,  which  occurs  rarely,  in  small 
rown    with   the   diallage   near  its  contact   with  the 

There   is   no   traoe  of  fels|inr  or   olivine,  nor  any 
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angles  up  to  aboot  81^.  This  agrees  with  disthene  or  oyanite,  a 
mineral  described  by  Riess  ^  as  a  ooramon  oonstituent  of  eologites. 
Among  the  other  minerals  inoluded  by  the  garnet  may  be  mentioned 
qnartx  and  apparently  omphacite,  mostly  in  round  grannies  clustered 
in  the  centre  of  the  crystal ;  zircon,  commonly  in  little  well-formed 
crystals,  bounded  by  the  pinacoids  (100)  and  pyramid  (111) ;  and 
locally,  near  the  margin  of  the  garnet,  crowds  of  little  prisms  with 
moderate  doable  refraction  and  sensibly  straight  extinction,  possibly 
zoisite.  Some  larger  rounded  grains  of  quarts  containing  little 
zircons  are  inclosed  near  the  border  of  the  garnets,  and  occasionally 
a  small  flake  of  brown  mica.  Larger  flakes  of  mica,  with  strong 
pleochroism,  oocar  in  densely-packed  bundles  moulding  the  surface 
of  the  garnets. 

The  rest  of  the  rock  consists  chiefly  of  a  crystalline  granular 
aggregate  of  colourless  omphacite  and  clear  quartz,  the  latter  giving 
^andulose'  extinction,  and  often  crowded  with  the  straight-hwiJike 
rods  usually  referred  to  rutile.  This  aggregate,  however,  incloses 
numerous  idiomorphic,  though  rather  rounded  crystals  of  enstatite 
with  a  longitudinal  striation  and  strong  cleavage.  There  are  also 
a  few  scattered  rod-like  crystals  of  reddish-brown  colour,  and  not 
more  than  a  tenth  of  an  inch  in  length.  These  belong  to  a  uniaxal 
mineral  with  exceedingly  high  double-refractibn  and  slight,  though 
distinct,  dichroism  (E  >  0).  It  is  evidently  rutile,  a  mineral  not 
admitted  in  Biess'  monograph,  but  recorded  by  M5hl '  in  some  of 
the  Norwegian  eclogites.  The  crystals  are  simple  tetragonal  prisms, 
either  (110)  or  (100). 

(iii.)   Oamet'Amphiholite  from  Sutherland, 

The  locality  is  three  miles  south  of  Laxford  Bay.  The  rock 
shows  abundant  red  garnets  imbedded  in  a  mass  of  greenish- black 
hornblende.  A  curious  feature  is  the  well-marked  series  of  parallel 
cracks  by  which  the  garnets  are  traversed,  lliese  maintain  a 
constant  direction  throughout  the  specimen,  but  do  not  affect  the 
hornblende.  They  are  evidently  due  to  stress  in  the  rock,  and, 
though  better  developed,  are  of  the  same  kind  as  the  cracks  seen  in 
the  garnets  of  various  crystalline  rocks,  such  as  the  Eddystone 
gneiss  and  some  of  the  Saxon  granulites.  These  cracks  are  always 
at  right  angles  to  the  direction  of  '  stretching '  in  the  rock,  and  so 
perpendicular  to  any  foliation  or  schistosity  that  may  be  present. 

A  slice  [1254]  shows  the  rock  to  be  composed  chiefly  of  garnet 
and  green  hornblende.  The  garnet  retains  its  red  colour,  and  shows 
well  the  series  of  parallel  cracks  preserving  a  common  direction 
throughout  the  slide.  There  is  a  less  pronounced  system  of  cracks 
roughly  perpendicular  to  the  first.  The  crystals  are  of  irregular 
shape,  but  tolerably  free  from  inclusions.  They  show  no  double- 
refraction,  nor  does  the  rock  as  a  whole  present  any  trace  of  foliation 
or  other  parallel  structure. 

The  hornblende  is  in  rude  columnar  crystals  without  terminal 

1  Tech.  Min.  u.  petr.  Mitth.  1878,  vol.  11.  pp.  166-172,  181-241. 
>  Nyt  Mag.  Naturvidensk.  vol.  xiiii.  (1877),  pp.  128-137. 
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n  BO  massed  t<^ther  as  to  prevent  their  free  deTelop- 
itutes  nearly  half  the  bulk  of  the  rock.     The  clour 
ass-gre«D,  the  absorption  being,  parallel  to  a  yellow- 
deep  grass-green,  almost  opaqae.     The  extinclion- 
h.  perhaps  as  mnch  ob  2(P,  bat  cannot  be  determined 
;  to  the  strong  absorption. 

onelttuents    are   little  cryntals  of   fioely    lameljated 
egular  grains   of  an  antwioned  felspar,  apparently 
>eles8  granules  of  opaque  irou  ore,  and  a  little  clear 
2g   inlerstitialiy   among   the  hornblende    and  other 

W.)   Qnarlt-DlorlU  from  ntiZeru,  Fiji. 

cure  in  the  cntling  for  a  new  road  on  the  mountains 

the  Wainamala  valley,  below  Narokorokoyawa  in  the 

*vu.     It  wa*  collectetl  bv  Mr.  J.  J.  Lister  during  the 

'  Egeria"  in  18S9.      It  is  a  crjatalline  rwcfc  showing 

ctTslals  of  hornblende,  about  a  quarter  of  an  inch 

B  of  golden-brown  mica,  in  a  mass  oonsisting  mainly 

e  specific  gravity  is  2-778. 

56.  1257]  sliow  that  the  felspar  is  exclnsively  plagio- 

>rphic  crystals,  to  which  the  u^ual  albite-lamelUtiou 

ih  Carlsl>ad  and  sometimes  witb  pericline-t winning. 

angles  being  much  wider   in    the  interior   than   in 
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moderately  fine-grained  cystalline  aggregate,  in  which  little  patches 
of  black  hornblende  are  seen  moulding  the  dull  whitish  felspars. 

In  a  elioe  [1258]  the  felspar  is  seen  to  be  a  lamellated  plagioclase 
in  orystal-platesy  idiomorphic  towards  the  bisilicates,  but  interfering 
with  one  another.  Some  crystals  have  their  zones  of  growth  indicated 
by  slight  differences  in  optical  properties.  The  wide  extinction- 
angles  point  to  a  basic  composition.  The  hornblende  has  a  pale 
green-brown  colour,  with  a  fibrous  structure.  It  is  sometimes  a 
mass  of  matted  fibres,  though  more  usually  there  is  a  common 
orientation  throughout  each  plate.  There  is  no  doubt  that  the 
mineral  is  pseudoroorphic  after  augite,  and  there  is  frequently  an 
unaltered  kernel  of  colourless  augite  in  the  centre  of  the  uralitic 
aggregate.  In  places,  however,  the  usual  amphibole  cleavage  is  seen, 
and  this  is  accompanied  by  more  pronounced  colour  and  pleochroism. 
The  only  other  prominent  mineral  is  magnetite,  in  irregular  patches, 
of  later  formation  than  the  felspar,  but  moulded  by  the  bisilicate. 
The  stmoture  of  the  rock  points  to  a  plutonic  origin,  the  general 
characters  being  those  of  a  gabbro  rather  than  a  diabase,  though  to 
Bome  extent  transitional. 


V. — Notes  on  the  Older  Books  of  Finland. 

By  R.  N.  Lucas,  B.A. 
{Continued  from  page  299,  Vol.  VII.  July,  1890,) 

THE  consideration  of  the  Archaean  rocks  of  Finland,  as  pointed 
out  in  a  previous  article,*  naturally  divides  itself  into  two 
parts :  I.  The  treatment  of  the  stratified  or  foliated  members  of 
the  series  ;  II.  That  of  the  igneous  or  eruptive  rocks.  In  describing 
the  former,  want  of  space  compelled  me  to  handle  the  subject  in 
what  I  fear  must  be  regarded  as  a  very  fragmentary  manner.  In 
addition  I  confined  myself  entirely  to  giving  an  account  of  the 
older  members  of  the  formation,  omitting  all  mention  of  the  younger 
schists,  mica-clay  slates,  phyllites,  etc.,  which  go  to  make  up  what 
is  in  Finland  regarded  as  corresponding  to  the  Huronian  subdivision. 
I  did  this  from  two  reasons, — firstly,  because  I  was  personally  better 
acquainted  with  the  rocks  in  question ;  secondly,  because  it  seemed 
to  me  that  it  is  the  problem  of  the  origin,  sequence  and  composition 
of  the  older  members  of  the  series  which  at  the  present  day  pos- 
sesses most  interest  for  the  student  of  the  geology  of  the  Archaean, 
and  in  consequence  is  the  one  with  regard  to  which  the  greatest 
divergence  of  opinion  prevails.  In  the  present  article  I  propose 
to  give  a  short  account  of  the  more  important  eruptive  rocks  of 
Finland  ;  but  before  proceeding  to  do  so,  it  would  not,  I  think,  be 
out  of  place  to  furnish  a  short  risumi  of  the  conclusions  to  which 
the  study  of  the  foliated  Archaean  rocks  of  the  country  has  led 
me,  and  which  I  believe  to  be  thoroughly  supported  by  the  data 
published  in  my  former  article.     These  are : — 

1.  The  succession  on  which  I  especially  insist,  namely,  commencing 
from   the   base — (1)    Granite-gneiss;  (2)  Grey  micaceous  gneiss; 

1  Geol.  Mao.  July,  1890. 
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(3)  HornbleDde-gneisB  or  enrite.  This  ieqaenoe  oomeponcls  with 
that  which  has  been  established  by  Oiimbel  in  Saxony,  by  the  official 
survey  in  Sweden,  by  Oroth  in  the  Central  Yosges  (Geog.  UnL  des 
Beichslands),  and  recently  by  Prof.  Bonney  in  Switzerland.  A 
similar  sequence  does  not  as  yet  appear  to  haTe  been  established 
among  the  ArchsBan  rocks  of  the  British  Isles ;  but  this  may  be  due 
to  local  causes  or  to  its  having  hitherto  escaped  the  notice  of 
geolo^ts. 

2.  That  the  Archsaan  rocks  of  Finland  present  a  similarity — ^I 
might  I  think  almost  say  identity — of  structure  and  composition 
with  those  of  all  true  ArchsBan  territories,  whether  situated  in 
Switzerland  or  Scandinavia,  Canada  or  Saxony. 

3.  lliat  though  we  meet  with  numerous  instances  of  gneisses 
which  have  been  crushed  and  contorted,  we  also  find  plenty  of 
examples  which  show  no  evidence  of  excessive  pressure^  and  are 
nevertheless  in  all  respects  typical  gneisses.  This  is  particularly 
the  case  with  regard  to  granite-gneiss  and  hornblende-gneiss. 

4.  That  many,  if  not  all,  of  the  crystalline  limestones  which  occur 
apparently  interbedded  with  granite  and  gneiss,  and  in  some  of 
which  '*  Eozoon  Canadense  "  was  formerly  asserted  to  occur,  are  not 
deposits  but  veins,  and  are  properly  speaking  to  be  classed  with 
pegmatites  and  metallic  lodes.^ 

Such  are,  I  think,  the  principal  conclusions  to  which  a  careful 
examination  of  the  Finnish  Archsan  rocks  conducts.  They  may.  I 
trust,  prove  of  interest  not  only  because  they  summarize  the  results 
of  research  in  a  distant  country,  but  also  because,  owing  to  the 
similarity  of  the  Archsan  system  at  all  points  where  it  has  been 
observed,  they  may  be  regarded  without  hesitation  as  applicable 
beyond  the  limits  of  the  district  from  the  study  of  which  they  have, 
in  the  first  instance,  been  derived. 

Ebuptivs  Rooks. 

In  my  former  article  I  massed  both  foliated  and  eruptive  rooks 
together  under  the  general  heading  of  Archaean.  This  procedure  is 
both  convenient  and  customary,  but  it  must  be  understood  that  its 
adoption  involves  the  making  of  assumptions  only  some  of  which 
are  in  accordance  with  facts,  others  being  actually  controverted  by 
them.  Thus  to  regard  the  crushed  and  foliated  granites  which  are 
interbedded  with  the  older  gneisses  as  of  similar  age  with  those 
gneisses  themselves  is  a  view  which,  as  far  as  I  am  aware,  there  is 
nothing  to  disprove.  But  to  consider  all  the  eruptive  rocks  which 
pierce  the  gneiss  formation  as  of  Laurentian  or  even  Archaean  age, 
is  an  opinion  which  it  seems  to  me  there  is  not  only  nothing  to 
support,  but  even  the  strongest  presumptive  evidence  to  disprove. 
Examples  of  this  are  afforded  by  the  rapakivi,  which  in  Southern 
and  Western  Finland  occurs  penetrating  older  strata,  and  might,  if 
it  had  only  been  observed  in  those  two  districts,  be  regarded  as  of 
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Lanrentian  age.  In  the  neighbourhood  of  Joensuu,  however,  a 
rock  oorresponding  in  all  respects  to  the  rapakivi  of  the  south  and 
west,  was  discovered  by  Prof.  Wiik  contorting  and  dislocating 
Huronian  slates  and  phyllites,  and  hence  it  has  become  customary 
to  consider  the  rapakivi  as  a  "younger"  eruptive  rock.  The  case 
of  the  diabases  is  very  similar.  No  grounds  could  be  advanced 
which  would  lead  to  the  conclusion  that  the  dykes  and  bosses  of 
the  north  of  Ladoga  Lake  (Wallamo)  are  much  more  recent  than 
the  Huronian  period.  But  in  the  extreme  west  of  Finland  a  strip 
of  sandstone  occurs  which  is  usually  regarded  as  Cambrian,  and  this 
sandstone  is  pierced  by  diabase  dykes.  There  is  a  strong  family 
resemblance  between  nearly  all  the  Finnish  diabases,  and  it  would 
certainly  not  be  a  very  violent  hypothesis  to  look  upon  them  all  as 
approximately  of  the  same  age,  i,e.  Cambrian  or  later— how  much 
later  we  cannot  form  even  an  approximate  opinion,  as  in  Finland 
there  is  a  "Gk)nungagap"  from  early  Cambrian  to  Quaternary  times. 
I  now  pass  to  the  consideration  in  detail  of  the  more  important 
igneous  rocks  following  the  natural  subdivisions  of  the  subject,  and 
commencing  with  a  description  of — 

1.  Thb  Acid  Ebuptivb  Books. 

GnetsB' Granite, — The  base  of  the  crystalline  series  we  found  to 
consist  of  the  granite-gneisti — a  rock  in  which  coarseness  of  banding 
and  indistinctness  of  foliation  cause  it  to  present  a  superficial 
resemblance  to  granite.  In  the  gneiss-granite  we  have  a  granite 
which,  through  the  influence  of  pressure,  shearing-stress,  or  other 
causes,  has  assumed  the  appearance  of  a  fissile  gneiss,  and  which 
might  be  very  appropriately  termed  a  foliated  granite.  In  many 
iDBtances  it  appears  to  be  the  oldest  member  of  the  eruptive  series  ; 
for  in  most  cases  where  it  is  pierced  by  unaltered  granite,  the  latter 
is  plainly  a  younger  rock.  I  think,  however,  it  would  be  incorrect 
to  assume  that  all  gneiss-granites  are  of  the  same  age,  for  I  have 
seen  plenty  of  evidence  to  make  me  incline  to  the  opinion  that 
gneiss-granite  is  in  reality  a  fades  assumed  by  granites  which  may 
differ  in  age.  Among  other  reasons  for  thinking  this  to  be  the 
case,  I  may  mention  that  I  have  most  distinctly  observed  at  least 
one  case  in  which  a  boss  of  granite  which  was  mineralogioally 
homogeneous  throughout,  showed  unmistakeable  foliation  near  its 
edges,  which  became  less  distinct  and  finally  disappeared  on 
approaching  the  centre  of  the  mass.  This,  I  think,  can  only  be 
explained  by  assuming  that  pressure  and  shearing-stress  have  made 
their  influence  more  felt  upon  the  exterior  portions  than  upon  the 
interior. 

Statigraphieally  the  gneiss-granite  usually  preserves  relations  of 
more  or  less  intimacy  either  with  the  granite-gneiss  or  with  the 
grey  gneiss,  running  side  by  side  with  one  or  other  of  these  rooks 
over  considerable  tracts  of  country.  Its  foliation  always  appears 
parallel  to  the  strike  of  the  gneisses — a  fact  which  certainly  favours 
the  view  that  it  was  the  same  pressure  which  tilted  the  gneiss  strata 
into  their  vertical  position  which  produced  the  foliation  of  the  granite. 
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I  or  il«  foliation  it  is  of  eruptive  origin  ia  very  well 
■act  that  where  it  has  gneiss  for  its  neit  door  oeighbouT, 
f  becomes  impregnated  with  granite- magma,  which,  u 
only  granite  near,  cannot  have  been  derived 
It  is  oRen  said  to  pass  into  ordinary  non- 
leral  conipoattion  identical  with  ite  own.  I 
^  doubt  however,  that  in  many  cases  in  which  this  is 
■n  observed,  and  which  I  have  not  myaelf  seen,  tha 
:y  similar  to  thnse  in  the  instances  I  gave  above, 
whole  mass  is  one  granite,  foliated  extamally,  and 
1  inwards. 

whJL'h  the  gneiss-granite  is  pierced  to  such  an  extent 
nsof  tiuutine  (un^heared)  granite,  doubtless  of  later 
les  a  matier  of  difficulty  to  decide  which  of  the  two 
,*  predominates.  This  stale  of  things  prevails  in  the 
P  of  the  village  of  Nummia. 

rallt/  the  gneii;s -granite  consists,  like  ordinary  grsnite, 
r,  and  mica.  The  quartz  and  felspar  are  as  a  mie 
Tegiilarly  throughout  the  mass  of  the  rock,  but  the 
minw  which  show  parallelism  of  arrangement,  giving 
Kchi8l08e,  at  times  fissile  sppiearance.  Thus  the 
n  of  the  rock  is  due  entirely  to  the  mica,  and  if  we 
ninale  it  by  any  other  means,  wo  ahonld 
1  struct  1 1  n^l  ess  mass  of  felspar  and  qitnrts.  Jt  is 
which  enables  ns  to  distinguish  u 
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whole  of  this  region  is  comparatively  flat  in  character,  consisting  of 
round  dome-shaped  protuberances  covered  with  wood  and  alternating 
with  lakes  and  shallow  valleys  above  the  level  of  which  they  seldom 
rise  to  a  distance  of  more  than  about  60  or  100  feet     With  the 
exception  of  a  few  dykes  and  bosses  of  younger  granite  and  syenite, 
npakivi  forms  the  fundamental  rock  throughout  the  whole  of  this 
district,  and  there  is  scarcely  a  hillock  or  elevation  where  it  is  not 
to  be  seen  emerging  from  beneath  the  Post-Tertiary  formations  which 
frequently  overlie  it,  and  presenting  to  the  view  the  large  crumbling 
boulders  from  which  the  rock  has  derived  its  name — rapakivi  meaning 
in  Finnish  rotten  or  crumbling  stone.    The  aspect  of  these  boulderi 
18  very  peculiar,  at  tiroes  picturesque;  on  the  weather-side  they 
have  not  unfrequently  crumbled  away  to  what  is  obviously  not  more 
than  half  their  original  size,  and  the  base  of  the  rock  is  in  conse- 
quence  covered   with  a  talus  of  weathered  fragments  of  felspar 
quartz-grains,  hornblende  crystals,  etc.,  among  which  the  large  o^g^ . 
shaped  balls  of  orthoclase,  vaiying  from  about  an  inch  in  diameter  to 
the  size  of  the  fist,  are  still  to  be  fbund  comparatively  intact 

Petrographically  rapakivi  consists  of  an  aggregate  of  quartz, 
OTthoclase,  biotite  and  hornblende — the  last  being  always  in  evidence. 
The  orthoclase  varies  from  pink  to  brick-red,  occurring  as  a  rule  in 
crystals  of  l|in.  to  2^in.  long  and  lin.  to  2in.  thick,  with  glassy 
principal  cleavage  often  appearing  as  Carlsbad-twins,  and  forming 
the  principal  constituent  of  the  rock.  Owing  to  radial  accretion,  it 
often  happens  that  the  crystals  assume  the  form  of  oblong  spheres 
which  occur  notably  in  the  neighbourhood  of  Elima.  These  large 
crystals  of  orthoclase  are  surrounded  by  a  mantle  of  oligoclase  of  a 
yellowish-green  colour  turning  white  on  weathering.  The  quartz 
crystals,  which  are  smoky  grey  or  white,  average  about  ^in.  in 
diameter.  The  mica,  which  is  extremely  black,  is  pretty  equally 
distributed  throughout  the  whole  in  the  form  of  brilliant  laminee. 
The  hornblende,  which  is  black,  occasionally  turning  somewhat 
green,  occurs  only  in  small  quantities  and  in  the  form  of  short 
monoclinic  prisms.  The  rock  does  not  display  the  slightest  tendency 
towards  parallel  arrangement  of  any  of  its  constituents. 

Rapakivi  has  been  microscopically  examined  by  H.  Gylling,  from 
whose  report  the  following  facts  are  taken. 

"  In  addition  to  orthoclase  and  oligoclase,  microclinic  felspar  also 
occurs,  recognized  by  its  peculiar  structure  and  the  fact  that  it 
extinguishes  polarized  light  14^  to  15^  from  the  edge  between  the 
clinopinacoid  ^  and  the  basal  plane.  The  microscopic  examination 
further  shows  that  the  quartz  crystals  are  sometimes  fully  crystallized 
out  and  contain  water  in  minute  cavities  (fluid  inclusions).  Both 
hornblende  and  oligoclase  are  much  weathered,  the  former  occa- 
sionally being  decomposed  into  calcite.  As  occasional  constituents 
occur  yellow  and  yellowish-brown  prisms  of  zircon,  red  laminad 
&ud  needles   of  hsamatite,  and  black  opaque  masses  of  magnetite 

}  It  will  be  seen  that  microcline  is  here  regarded  as  really  monoclinic — an  opinion 
^  which  I  certainly  agree. 
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18  iron  ore.      Crjetala  of  fluor-spar  nre  also  at  timeR 

the  naked  eye." 

above    pointed  out  the  rapakivi  is  almost  perfectly 
:  characteristics  throughout  the  district  in  which  it 
;y  distinguished  by  comparative  hardness  and  capacity 
le  weather  is  also  found,  as  a  rule  on  the  confines  of 
egioo  proper;  for  instance,  in  Morakoni,  Penio,  and 
where,  an  bIho  in   HelBingfom,  it  ia  largely  used  as  a 
In   this  variety  there  ia  naually  leRS  oligoclase  and 
<\  the  ortlinclase  and  quartz  orj-atals  are  of  larger  size- 
ible  tendency  to  fait  to  pieces  uwler  the  action  of  the 
,  if  we  except  the  occun'ence  of  uiicrocline,  is  perhaps 
icteristic  peculiarity  of  rapakivi,  has  given   rise  to  a 
empted   explanations.      Some    have   inclined   to  the 

0  phenonienoD  in  question  is  due  to  the  presence  of 
igly  weathered   rapakivi   from    Lapptriisk,   however, 

lima  gave  as  much  as  6-53  per  cent.— a  difference  in 
!   sufficient   to    explain    the  observeil    Tariations  in 
rds  the  weather.      Others  again  attribute  the  opposite 

1  in  the  two  varieties  to  the  ditferent  proportions  of 
re  some  analyses  bearing  upon  the  question  : — 

Silica. 

rpfi  rnpnkiri  from  SlrttmforB        67-M 

ikivi  Irom  Elima 69-17 
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general  matrix  of  the  rook  snrronnds  the  balls  or  nodules  of  orthoolase 
without  any  intermediary  oonoentrio  oligoolase  layer. 

MioTOScopically  it  differs  also  from  the  other  variety  in  being 
deetitnte  of  miorocline.  It  ooeasionally  shows  mioro-pegraatitio 
straotore ;  and  its  quartz  is  peculiar,  being  very  idiomorphioally 
developed  and  containing  long  needles  (mioroliths)  of  a  dark-ooloured 
mineral  which  the  American  geologist  Hawes  declares  to  be  rutile. 

In  its  stradgraphical  relationships  the  western  rapakivi  is  very 
interesting,  a  great  deal  of  evidence  having  been  collected  tending 
to  show  that  it  has  both  exercised  an  enormous  pressure  on  the  rocks 
through  which  it  has  been  forced,  and  has  itself  in  places  been 
modified  by  this  pressure,  which  may  perhaps  justify  the  assumption 
that  it  was  in  a  very  pasty  oondition  when  irrupted.  The  southern 
rapakivi  on  the  contrary  does  not  appear  to  have  modified  the  sur- 
rounding rocks  at  all. 

Great  masses  of  granite,  syenite,  and  elaaolite-syenite  occur 
throughout  the  country ;  but  as  they  do  not  on  the  whole  differ  from 
similar  rocks  in  other  districts,  I  have  not  devoted  any  space  to 
a  description  of  them. 

The  various  questions  relating  to  the  origin,  characteristics  and 
oocnrrence  of  pegmatites,  I  propose  to  reserve  for  future  consideration. 


Thrbe  Papsbs  ok  Graptolites. 

1.  Ubbeb   das   Alter    bes    sooBif.   Graptoltthen-Gestbins   mit 

BESOMDERER  BBRilOHSIOHTIGUMO  DER  IN  DEMSBLBEN  ENTHALTENEN 

Gbaptolithen.  Yon  Herrn  Otto  Jaekel,  in  Berlin.  Zeitsohr. 
d.  deutschen  geolog.  Ghsellschaft,  Jahrg.  1889,  pp.  653-716, 
Taf.  xxviii.  xxix. 

2.  GoTLANOs  Graptoliteb.  Af  Gebhabd  Holm.  Bihang  till  E. 
Svenska  Vet.-Akad.  Handlingar,  Bd.  16,  Afd.  iv.  No.  7  (1890), 
pp.  1-34,  Taf.  1,  2. 

3.    tFNDEESOKNINOAB  OEVER  SiLJANSOURADETS   GraPTOLITBB.     Af  Sv. 

o 

Lbonh.  Tobnquist.  Lunds  Univ.  Arsskrift.  Tom.  xxvL  pp.  1-33, 
Taf.  i.  ii. 

1.  On  the  Age  of  the  so-called  Graptolite  Stone,  with  Speoial 

Bbference  to  the  Graptolites  contained  therein.  By  Otto 
Jakkel. 

2.  The  Graptolites  of  the  Island  of  Gotland.     By  Gerhard 

Holm. 

3.  An  Examinaton  of  the  Graptolites  op  the  District  of  Siljan, 

Dalarnb,  Sweden.     By  Sv.  Leonh.  TiiRNQUisT. 

SCATTERED  through  the  Drift  of  Northern  Germany  there  are 
numerous  houlders  of  calcareous  rock  containing,  with  various 
other  fossils,  several  species  of  Graptolites,  and  for  tUia  T^^iaotk  \)tv^^ 
were  styled  "  GrapfcoJith«fl-geb"tein  "  by  Ferd.  Roemer.   'IVi^  ^^tccX- 
Tock  of  these  boaldera,  aituated  somewhere  in.  Uie  S\\\it\&\i  \>^%v(i^'i 
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tbe  Baltic,  has  not  yet  been  duooreied,  and  different  opinions  bays 
been  expreeaed  as  to  tbe  particQlar  diriaiona  of  tbe  Silnrian  to  which 
tbe  boalders  belong.  By  tbe  majority  of  German  geologists  they 
bare  been  referred  to  tbe  highest  series  of  tbe  Silnrian  ;  tbe  Swedish 
geologists  on  tbe  other  band  place  them  about  tbe  middle  of  the 
Upper  SUarian  series.  With  tbe  riew  of  elucidating  tbe  qnestion. 
Dr.  Jaekel  has  examined  the  Silurian  outcrops  in  tbe  West  of 
England,  and  be  finds  that  there  is  a  very  close  oorrespondenoe  both 
in  the  petrological  characters  and  tbe  fossils  of  these  boalders  with 
the  beds  of  Wenlock  Shale  age  exposed  at  Burrington,  near  Ludlow, 
and  therefore  be  maintains  that  they  really  are  of  tbe  age  of  tbe 
Wenlock  Shale. 

In  the  present  paper  tbe  characters  and  tb^  geological  distributioii 
of  tbe  fossils  in  the  boulders  are  treated  of,  but  the  author  more 
psrticularly  refers  to  the  Graptolites,  and  brings  forward  some  new 
structural  features  which  in  his  opinion  will  considerably  modify 
their  present  classification.  Thus  in  the  genus  Manograpttis,  two 
groups  are  proposed,  based  chiefly  on  the  different  position  of  the 
thecal  aperture  and  its  appendages.  In  the  first  of  these,  PriBiio- 
graptuB,  the  aperture  is  free,  and  occupies  tbe  entire  upper  end  of 
tbe  tbeca,  and  the  only  appendages  are  spines  on  the  lower  margin 
of  the  aperture,  and  these  are  not  always  developed.  In  the  second 
group,  Pomatograpius,  the  outer  portion  of  the  theca  is  contracted, 
the  aperture  is  small  and  situated  beneath  an  extended  roof-like 
process  wliich  forms  the  upper  end  of  tbe  theca.  Hitherto  the 
thecal  aperture  in  these  Graptolites  has  been  supposed  to  be 
at  the  extreme  end  of  this  arched  process,  but  the  well-preserved 
examples  figured  by  Dr.  Jaekel  show  that  this  view  is  erroneous. 

The  author  further  maintains  that  Graptolites  were  not  free- 
swimming  organisms,  but  probably  lived  at  the  bottom  of  deep  seas 
lightly  anchored  in  the  mud.  He  also  considers  that  the  simple 
forms  of  Monograptus  are  not  complete,  but  only  branches  of  colonial 
stocks ;  but,  as  pointed  out  by  Dr.  Holm,  he  seems  to  have  over- 
looked the  fact  of  the  presence  of  the  sioula,  which  is  never  wanting 
at  the  proximal  end  of  the  organism,  and  thus  conclusively  shows 
the  primary  commencement  of  the  growth  of  the  polypary.  A 
description  of  tbe  structure  of  Retiolites  is  likewise  given,  but  in  this 
no  account  is  taken  of  the  earlier  works  of  Tomquist  and  Tullberg. 

In  the  second  paper  above  mentioned,  Dr.  G.  Holm  has  revised 
the  list  of  Graptolites  occurring  in  the  Silurian  strata  of  the  Isle  of 
Gotland,  and  enumerates  the  following  nine  species  and  varieties  ; 
Dieiyonema  cervicorne,  n.  sp.,  D.  abnorme,  n.  sp.,  MonograpiuB  priodon, 
Bronn,  D,  priodon,  var.  Flemingii,  Salt,  M,  BubconicuB,  Tomq.,  ilf. 
duhiuBf  Sness,  M.  sp.,  RetioliteB  OeinitzianuBf  Barr.,  and  R,  uaBBa, 
n.Bp.  A  list  is  given  of  the  names  and  distribution  of  the  known 
species  of  Dictyonema,  and  a  very  careful  description  of  a  new  species, 
2>.  cervicorne,  based  on  specimens  obtained  free  from  matrix.  In 
these  the  upper  portion  of  the  theca  is  extended  into  a  long,  spined 
prooesB  bifurcated  at  the  extTem\ly  \  and  co\i\i^cted  laterally  with 
eaob  tbeca  there  is  a  cup-like  or  neat-i^w^d  ^Vc^wioxx^^  ^^wssM'^  a 
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gonangiura.  Dr.  Holm  further  describes  and  figures  some  remarkably 
well-preserved  examples  of  Retiolites  and  Stomatograpttia^  in  which 
the  structural  details  are  clearly  shown. 

In  the  third  paper,  Professor  Tomqnist  describes  22  species  of 
Graptolites  occurring  in  the  Ordovician  and  Silurian  strata  of  the 
district  of  Siljan  ;  of  these  the  following  are  regarded  as  new, 
Clonograptu$  rohuatua,  Tetragrapius  curvatua,  Didymograptus  gracilis, 
D.  deceuB,  Climaeograptus  iniemexua,  and  Diplograptus  bellulia. 
Many  of  the  species  in  the  area  referred  to  are  likewise  common  to 
the  Coniston  Flags  and  to  the  Quebec  Group  of  Canada. 


le.  E  V  I  E  ^W"  S. 


L'Abch£bn  XT  Li  Cambuibn  dans  lv  Nobd  du  Massif  Breton 

XT  LEUBS  iQUIVALENTS  DAMS  LE  PaTS  DE  GaLLES.     Par  A.  BiGOT, 

Docteur-^8-Sciences.     (Cherbourg,  1890.) 

DOCTOR  BIGOT  is  a  young  French  geologist  who  is  rapidly 
winning  his  spurs.  Having  done  excellent  work  amongst  the 
older  rocks  of  Northern  France,  he  came  over  to  Great  Britain,  and 
compared  the  systems  with  which  he  was  familiar  with  some  of  the 
basal  rock-groups  of  Wales  and  Shropshire.  The  results  of  this 
comparison  are  given  in  the  work  before  us,  and  will  be  found  to  be 
in  substantial  agreement  with  the  views  maintained  by  those  who 
in  this  country  have  paid  the  fullest  attention  to  the  Archsean  and 
Cambrian  rocks. 

In  the  first  part  of  his  work  Dr.  Bigot  describes  the  phyllads  and 
purple  conglomerates  in  the  district  of  Saint- L6  and  in  the  west  of 
Calvados.  From  the  typical  area,  he  passes  to  the  northern  extension 
of  these  formations,  as  studied  in  the  district  round  Cherbourg.  He 
then  takes  up  the  same  rock -groups  south  of  Saint-L6,  and  describes 
their  occurrence  in  the  south  of  Calvados,  at  Granville,  and  in  the 
island  of  Jersey,  which  lies  about  30  miles  to  the  north-west  of 
Granville.  In  Chapter  lY.  the  author  discusses  the  relation  between 
the  Phyllads  and  the  older  PalsBOZoic  groups.  Chapter  Y.  gives  an 
account  of  the  eruptive  rocks  of  Normandy  and  the  Channel  Isles ; 
and  Chapter  YI.  concludes  the  first  part  with  a  description  of  the 
general  stratigraphy  of  the  Breton  mnBsif.  In  the  succeeding  chapters 
the  author  discusses  the  correlations  of  the  older  rocks  of  north- 
western France  with  their  equivalents  in  Pembrokeshire,  North 
Wales,  and  Shropshire ;  and  winds  up  with  an  excellent  summary 
of  his  conclusions.  Then  follows  a  valuable  bibliographic  index^ 
the  authors  being  classed  under  the  respective  heads  of  '*  The  Breton 
massif,*^  and"  Wales"  (including  Shropshire). 

Tlie  schistose  and  slaty  rocks  named  after  the  town  of  Saint-Ld, 
and  usually  referred  to  by  French  geologists  as  **  schistes "  or 
"  phyllades,"  have  been  described  by  a  long  series  of  writers. 
Dnfrenoy  in  1838  identified  them  with  the  Cambrian  of  Great 
Britain,  a  very  natural  opinion  at  a  time  wVien  tVi^  Yiotv^vcv^tA 
series  wa»  accepted  as  typical  Cambrian,  and  wYien  \\i^  ^TL\%V^tv^^ 
of  alatjrrocka  below  the  Cambrian  was  not  reoogii\£Q&  m  ^wvQf^^. 
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Dnfrenoy's  identification  waa  accepted  by  Dalimier,  Boniaaent,  De 
Lapparent,  and  finally  by  Bairoia,  tboogh  it  ahonld  be  remarked 
that  the  last-named  writer  haa  been  wont  to  quote  Dnfrenoy's 
opinion  without  poaitively  endorsing  it.  Profeiaor  Hebert,  however, 
ailopting  a  Cambrian  age  for  the  '^  Conglcmerata  poarpr§a/'  and 
observing  that  these  strata  were  nnoonformably  superimposed  upon 
the  "Sohistee  de  Saint-Lo,"  oondnded  that  the  latter  were  of 
Archaean  age.  In  this  opinion,  the  late  Professor  of  G^logy  at  the 
Sorboune  has  been  followed  by  his  pupil.  Dr.  Bigot 

The  evidence  given  in  the  volume  before  us  would  seem  to  be 
decisive  of  the  true  relation  of  the  Saint-L6  Series  to  the  purple 
conglomerates.  The  author  confirms  the  existence  of  the  strati- 
graphical  discordance  alleged  by  Hebert,  and  he  affirms  that  the 
newer  series  contains  pebbles  of  the  sandstone  which  is  intercalated 
amongst  the  Phyllads.  The  unconformity  would  therefore  seem  to 
be  very  marked. 

The  researches  of  Dr.  Ch.  Barrois  and  Dr.  Bigot  have  brought  to 
light  additional  resemblances  between  the  rocks  of  Saint- L6  and  the 
younger  Archseans  of  Britain.  According  to  the  former  writer,  the 
Saint-Lo  Series  sometimes  presents  a  volcanic  facies.  In  the  nonh 
of  Brittany,  acid  rocks,  such  as  '*  quartz-porphyries  and  petrosilex/' 
are  said  by  him  to  be  interstratified  with  the  Phyllads,  and  to 
fiirnii«h  rounded  fragments  to  the  Conglomerates  of  Moutfort,  tlie 
equivalents  of  the  '*  Conglomerats  pourpres."  Dr.  Bigot  records 
similar  facts.  He  states  that,  at  La  Hogue  and  in  the  island  of 
Aldemey,  the  "purple  conglomerates"  contain  pebbles  of  "petro- 
silieeous  porphyries,"  evidently  derived  from  an  older  formation. 

According  to  Dr.  Bigot,  the  district  of  La  Hogue  furnishes  still 
more  emphatic  proof  of  the  gap  between  the  Phyllads  and  the 
purple  conglomerate.  A  quarry  displays  a  section  of  the  Phyllads, 
penetrated  by  numerous  veins  of  **  gran ulite,"  and  surmounted  hy 
the  purple  series.  The  veins  are  described  as  modifying  the 
Phyllads,  but  producing  no  efiect  upon  the  purple  beds ;  and  it  is 
inferred  by  Dr.  Bigot  that  the  older  group  was  invaded  and  meta- 
morphosed by  the  granite  previous  to  the  deposition  of  the  purple 
conglomerates. 

We  are  gradually  learning  that  the  resemblances  between  the  newer 

Archaean  rocks  in  Northern  France  and  Western  Britain  are  very 

close  indeed.     In  the  British  area,  the  predominating  types  of  rock 

in  the  Pehidian  (or  Uriconian)  are  acidic  volcanic  eruptives,  hypo- 

metamorphic  schists,  grits  more  or  less  altered,  and  comparatively 

unaltered  slates  ;   and  these  are  precisely  the  lithological  characters 

most  conspicuous  in  the  Phyllads  of  Suint-L6.     The  present  writer 

aocorapanied  Dr.  Barrois  and   Dr.  Bigot  in  the  year  1888   to  Caer 

( 'aradoc.     Both  of  these  geologists  were  struck  with  the  lithological 

similarities  between  our  Uriconian  and  the  volcanic  rocks  associated 

with  the  Phyllads,  and  they  have  recorded   their  impressions  in 

Buhneqiient  publications. 

But  the  parallelism  between  \\ie  oVdw  Tw^-^wi^%  ^f  the  French 

and  Britibh  areas  has  been  shown  \o  exV^n^  ^^v  l\a>^«t*   \MKv\sL\sx^ 
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in  1861,  and  Boniasent,  in  1870,  reoorded  the  oocurrenoe  of  oon- 
glomeratea  intercalated  in  the  Phyllads.  Barruis,  in  1884,  gave  a 
Ibt  of  the  oontained  pebbles,  amongst  whioh  was  a  '*  granite  identical 
with  that  of  Chausey."  Hebert,  subsequently  (1886)  described  this 
oonglomerate,  also  identifying  the  Ghausey  granite  amongst  the 
pebbles,  and  he  ooncladed  that  the  conglomerate  proved  the  existence 
of  granites  "  older  than  the  Archaean,"  the  term  *'  Archsean  "  by  this 
writer  being  limited  to  the  group  called  by  us  *'  Pebidian "  or 
"Uriconian."  Bigot  supports  Heliert's  contention,  and  carefully 
distinguishes  "the  conglomerates  of  Granville,  with  pebbles  of  granite, 
intercalated  in  the  vertical  Phyllads"  from  "the  purple  conglomerates, 
almost  horizontal,  forming  the  base  of  a  series  wliich  the  Qrk9 
Armorteain  conformably  overlies,"  that  is  to  say,  he  makes  the  former 
coDglonierate  Archaean,  and  the  latter  Cambrian. 

The  conglomerate  of  Granville  strongly  su^ests  the  Archasan 
conglomerate,  which,  at  Charlton  Hill  near  the  Wrekin,  contains 
pebbles  of  a  granite  which  is  undistinguishable  from  a  granite 
exposed  in  the  Wrekin  and  at  Malvern ;  and,  if  Hebert  and  Bigot 
are  right  in  their  reading  of  the  Granville  section,  a  granite  of 
Pre-Urioonian  age  is  proved  in  both  the  British  and  French  areas. 

Whether  the  Phyllads  of  Saint-Lo  represent  only  the  Pebidian 
(Uriconian)  of  Britain,  or  also  include  the  equivalent  of  the 
Lfjiigmyndian,  is  at  present  an  unsettled  question.  A  small  collection 
of  typicnl  specimens  from  the  Phyllads,  sent  some  years  ago  by 
Prof.  Hebert  to  the  present  writer,  would  be  considered  thoroughly 
typical  of  our  Pebidian,  and  not  at  all  like  our  Longmyndian. 

The  rocks  which  unconformably  overlie  the  Phyllads  are  con- 
sidered by  Dr.  Bigot  to  represent  the  several  horizons  of  our  British 
Cambrian.  In  the  following  table  he  indicates  the  parallelism  which 
be  believes  to  subsist  between  the  members  of  the  older  systems  in 
the  two  areas. 


Wales. 
Arenig. 

Olenldian. 

Solva  and  Menevian. 

Caerfai. 

Conglomerate. 

Pebidian. 


No&lCANDIB. 

Gr^s  armoricain. 


Gr^s  feldspathiques. 
Schistes  verts  et  g^es  verts. 
Schistes  rouges  et  marbres. 
Poudingues  pourpres. 

Scbistes  de  Saint-Ld. 


Geolooioal  Sooiktt  of  London. 

L— Feb.  20,  1891. — Annual  Gbnebal  Meeting.— Dr.  A.  Geikie, 
F.B.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Keports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1890.  In  the  former  the 
Council  once  more  congratulated  the  Fellows  upon  the  continued 
prosperity  of  the  Society,  as  evinced  by  its  increasing  number  and 
by  the  satisfactory  condition  of  its  finances. 
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The  nnmber  of  Fellows  elected  during  the  year  was  76,  of  whom 
56  qualified  before  the  end  of  the  year,  together  with  16  preTionsly 
elected  Fellows,  and  these,  with  one  Fellow  readmitted,  made  a  total 
accession  of  73  Fellows  during  1890.  As,  however,  from  this 
number  a  deduction  of  43  was  made  for  losses  by  death,  resignation, 
and  removal,  and  for  new  Fellows  compounding,  the  actual  increase 
in  the  number  of  Contributing  Fellows  was  30.  The  total  number 
of  Fellows,  Foreign  Members,  and  Foreign  Correspondents  at  the 
dose  of  the  year  1890  was  1406. 

The  Balance-sheet  for  the  year  1890  showed  reoeipts  to  the 
amount  of  £3034  8s.  Id.,  and  an  expenditure  of  £2429  16s.  2i. 
Further,  a  sum  of  £420  10s.  was  expended  in  the  purchase  of  stock, 
and  the  balance  in  favour  of  the  Society  at  December  31 ,  1890, 
amounted  to  £433  17s.  6d. 

The  Council's  Report  also  referred  to  the  publication  of  the  late 
Mr.  Ormerod's  Third  Supplement  to  his  Index  to  the  Publications 
of  the  Society,  to  the  editing  of  Nos.  183  and  184  of  the  Journal  by 
Prof.  T.  Rupert  Jones,  to  the  deaths  of  the  late  Foreign  Secretary 
and  the  late  Assistant- Secretary,  and  in  conclusion  enumerated  tbe 
awards  of  the  various  Medals  and  Proceeds  of  Donation-Funds  in 
the  gift  of  the  Society. 

I'he  Report  of  the  Library  and  Museum  Committee  included  a  list 
of  the  additions  made  during  the  past  year  to  the  Society's  Library, 
and  announced  the  completion  of  the  glazing  of  the  Inner  Museum. 

In  presenting  the  Wollaston  Medal  to  Prof.  J.  W.  Judd,  F.B.S., 
the  President  addressed  him  as  follows : — 

Professor  Jndd, — The  Council  bare  awarded  to  yon  the  Wollaston  Medal  in  reco^ 
nition  of  the  important  senrices  rendered  by  yon  to  Geological  science,  espei^iallT  in 
the  department  of  Petrography.  In  recalling  for  a  moment  the  Talue  and  extent 
of  these  services,  I  am  reminded  that,  after  showing  your  powers  by  an  excellent 
paper  on  the  strata  of  the  Lineolnnhire  Wolds,  you  began  your  geological  career  in 
the  Geological  Survey  under  Murchison,  and  that  you  bad  thus  a  favourable  oppor- 
tunity of  acquiring  tliat  practical  acouaintance  with  the  details  of  geological  structure 
which  can  in  no  way  be  so  thoroughly  mastered  as  by  actual  patient  map}unff .  Your 
volume  on  the  **  Geology  of  Rutland**  proved  how  well  you  had  profited  bv  the 
advantages  which  your  official  duties  afiorded  you.  From  the  Jurassic  rocks  of 
England,,  which  you  had  studied  in  minute  detail,  yon  were  led  to  undertake  the 
investigation  of  those  of  Scotland,  which  you  succeeded  in  reducing  to  order,  briuginf 
them  into  closer  relationship  with  their  equivalents  in  the  southern  part  of  the  United 
Kingdom. 

It  was  in  the  course  of  those  northern  expeditions  that  you  were  drawn  from  tbe 
field  of  stratigraphy  into  the  study  of  volcanic  rocks,  to  which  you  have  since 
devoted  so  large  a  part  of  vour  time  and  thought,  and  in  the  study  of  which  you 
have  journeyed  far  and  wiife  in  this  country,  and  hHve  extended  your  travels  to  the 
islandH  of  the  Mediterranean.  The  problems  presented  by  these  rocks  in  the  field 
led  you  to  seek  the  aid  of  the  microscope,  and  to  enter  upon  a  coiu^e  of  distinguisbed 
p<>trographical  research.  1  trust  that  the  award  of  this  Medal  will  be  received  by 
you  as  a  mark  of  the  estimation  in  which  your  work  is  held  by  the  Society  in  whose 
Quarterly  Journal  m(mt  of  it  has  been  published. 

Prof.  JvDD,  in  reply,  said  : — Mr.  I^esident, — It  is  a  source  of  legitimate  gratifica- 
tion to  the  student  of  science,  when  a  favourable  judgment  on  his  efforts  is  pronounced 
by  hiri  contemporaries  and  fellow -workers.     In  receiving  this  highly-prized  mark  of 
your  approY&lf  I  would  fain  forget  lor  one  mowient,  if  that  were  possible,  how  far 
thif  work — of  which  you  have  spoken  in  ^nc\i  gT«u^^^^«ns»— \«5^&\bl  amount  below 
m/  hopeful  anticipations  of  tbe  past,  hon  \tlM\a\jttT«w^\^^«toaBftsa^^V  ^"wsJifiswA 
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of  my  cherished  ideiUs.    Any  valne  which  that  work  may  be  found  to  possess  is 
undoubtedly  due,  in  great  part,  to  the  fostering  care  of  the  Society  which  to-day  so 

rnerously  crowns  my  labours  To  the  Geological  Society,  in  its  corporate  capacity, 
am  indebted  for  the  reception  and  publication  of  the  results  of  my  studies ;  to 
individuals  composing  tiiat  Society  I  owe  more  than  I  can  ever  express,  for  kind 
lympathy,  warm  encouragement,  and  friendly  aid ;  and  to  both  Council  and  Members 
I  shEdl  always  be  deeply  grateful  alike  for  helpful  suggestion  and  discriminating 
criticism. 

In  handing  the  Murohison  Medal  awarded  to  Professor  W.  C. 
Brogger,  of  Christiania,  to  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  for 
transmLssion  to  the  recipient,  the  President  spoke  as  follows  : — 

Mr.  Teall, — The  Council  has  awarded  the  Murchison  Medal  to  Professor  W.  C. 
Brogger,  of  Cbristiania,«and  in  asking  you  to  transmit  it  to  him  I  will  request  you 
also  to  couTey  to  him  an  expression  of  the  high  estimation  in  which  we  hold  his 
researches  among  the  older  rocks  of  Scandinavia.  He  is  remarkable  among  the 
geologists  of  Europe  for  the  great  range  of  his  acquirements.  If  we  were  to  read 
onlv  his  descriptions  of  the  Silurian  fauna  of  Southern  Norway  we  should,  doubtless, 
believe  him  to  be  essentially  a  palaeontologist.  If  we  looked  over  his  maps  and 
sections  of  the  Christiania  district,  we  should  think  of  him  rather  as  an  admirable 
Rtratigrapher  and  cartographer.  If,  again,  we  began  with  his  account  of  the  eruptive 
rocks  and  their  zone  of  contact- metamoiphism,  we  should  conclude  that  his  chief 
studies  must  have  lain  in  microscopic  and  chemical  petrography,  of  which  he  is  so 
accomplished  a  master.  Or,  lastly,  if  we  knew  him  only  by  such  essays  as  his  late 
paper  on  garnets,  we  should  regard  him  as  preeminently  a  mineralogist,  gifted  with 
rare  ori^uiaHty.  He  has  swept  a  full  chord  on  the  geological  lyre,  and  every  note 
sounds  nch  and  true. 

It  gives  me  personally  an  especial  pleasure  to  be  the  intermediary  in  conveying  the 
award  of  the  Council,  for  I  have  had  the  advantage  of  being  conducted  by  Professor 
Brogger  over  some  of  his  classic  ground  around  Christiama,  and  I  know  from  my 
own  experience  how  accurate  and  exhaustive  is  the  work ;  how  courteous,  genial, 
and  helpful  the  man.  He  will,  I  trust,  receive  this  Medal,  bearing  the  likeness 
and  the  name  of  one  of  the  great  masters  of  British  Geolog)%  who  was  also  a  pioneer 
in  the  geology  of  Norway,  as  a  pledge  of  our  esteem  and  sympathy  with  him  in  the 
great  work  he  has  already  accomplished,  and  in  the  long  and  orilliant  career  which 
we  hope  is  still  in  store  for  him. 

Mr.  Teall,  in  reply,  read  the  following  communication  received  by  hira  from 
Professor  Brogger : — "I  beg  to  express  my  hearty  gratitude  for  the  great  and  com- 
pletely unexpected  honour  conferred  upon  me  by  the  Council  of  the  Geological  Society 
10  the  award  of  the  Murchison  Medal. 

'*The  Founder  of  this  Medal,  almost  half  a  century  ago,  classified  the  Silurian 
rocks  of  the  Christiania  district,  and  pointed  out  their  relations  to  the  corr(;aponding 
strata  of  Great  Britain;  so  that,  if  the  subsequent  investigations  of  Norwegian 
geologists  have  furnished  results  of  interest  to  the  students  of  British  Geology,  this 
is  only  a  slight  repayment  of  an  old  debt. 

"  In  ancient  times  the  mountain -ranges  of  northern  Great  Britain  and  Norway 
were  probably  connected  and,  in  the  Quaternary  period,  the  Scandinavian  ice-sheet 
■tretcned  across  to  England  and  deposited  boulders  of  Norwegian  rocks,  some  of 
which  were  derived  from  the  Christiania  district.  Now,  in  recent  times  science  has 
rebuilt  the  bridges  which  formerly  connected  the  two  countries,  inhabited  by  closely 
related  peoples  of  the  Germanic  race. 

"  It  will  be  an  object  of  special  interest  to  me  to  contribute,  as  far  as  I  am  able, 
to  the  reconstruction  of  bonds  of  union  between  Great  Britain  and  Norway,  in 
grateful  remembrance  of  the  benefits  which  Norwegian  geologists  in  general,  and  I 
myself  in  particular,  have  derived  from  the  celebrateid  Geological  Society  of  London. 

"  Allow  me,  in  conclusion,  to  express  the  great  satisfaction  I  feel  at  receiving  this 
honour  during  the  Presidency  of  so  eminent  a  geologist  as  Dr.  Archibald  Geikie, 
who  is  personally  acquainted  with  the  geology  of  Norway.'' 

The  President  then  presented   the  Lyell   Medal  to  Professor  T. 
McKenny  Hnghes,  F.R.S.,  addressing  him  as  follows: — 
Professor  Hnghes, — The  Lyell  Medal  has  this  year  been  adjudged  by  the  Council 


BiiiDii^  tlie  older  nwk*.     Tour  resesrtlieB  in  Csemarrundiin^  isi 
e  BUrtinsr-point  .>(  thoM  iator  inquiries  wh).-h  have  done  «iniut!i 
lior  chapler*  of  the  mwloBiraJ  history  of  \Yale«.     Yoa  have  m* 
however,  to  the  iwks  of  flOT  one  Bjatem  or  period,  bnt  lian 
the  Archa'sn  aT"=i™  *»  ™»od  b«acb,  hoTering  for  a  nminent  here 
there.  generaUy  critical,  ttlin«t  alwsys  gu^estiye,  and  wiUi  IhM 

M^l'  in  your  hands.  I  cannot  hut  r««ll  the  dar>  o£  our  etAj 
led  *o  fnr  laU,  the  dim  past  of  life.  obrn.  as  oolleacues  in  tha 
«e  used  to  attend  the  meMinp  of  thia  Soeietr  in  Somerset  Hon*, 
act  row  and  puing  down  upon  thd  manatee  of  the  Bcience  walai 
id  rithtr  of  lu  dream  tbat  t^e  whirligig  of  time  would  eTeatiuIlT 
tind  ounulvn  to-dav.     It  is  thia  no  Am'all  grmtifinitiDn  lo  me  lo 
iresent  Im  you  thia  Molal,  which  will  not  only  serve  to  mark  Ihi 
,ioo  of  T'iur  work,   but  which  wiU  connect  you  by  another  liiil 
f  OUT  fnend  and  niiiater,  Lyell- 

Ld  reply,  aaid  :-Mr.  J'reaident,-!  terf  that  I  have,  aa  the  senior, 
^.'eiTc  this  ygh  recognition  of  the  work  being  carried  on  by  the 
of  Geology.     I  ha™  not  mj«!f  been  able  to  offer  much  to  U» 

tie  Society,  whose  oumions  are  reeatded  each  year  with  increaaiiig 
1e  papers,  while  ray  other  colleague.  Mr.  floberta,   has  also  liiii 

it  19  chiefly  10  the  lecture-rooni,  the  luuwuro,  and  the  lield-clsaa 
0  that  the  heaviest  work  has  fallen  upon  my  colleagues.  They 
iting  the  cause  oi  Science.  I  help  aa  far  as  I  can.      We  all  wnrk 
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ad  eirried  on  imder  more  faToarBble  conditions.  It  is  thus  all  the  more  gratifring 
ad  encourmffing  to  me  that  snch  results  as  I  hare  been  able  to  obtain  shoula  be 
kemed  worwj  of  the  recognition  of  the  Society. 

"  I  may  be  pardoned  for  alluding  to  the  fact  that  some  of  the  earliest  work  in 
}iiiadian  Gtoology  is  due  to  the  penonal  efforts  of  the  distinguished  Founder  of  this 
ICedal,  in  whose  rery  footsteps  it  hos  at  times  been  my  privilege  to  follow.  This, 
iith  the  pleasant  remembrance  of  advantages  derived  in  former  yean  from  personal 
Dtercourse  with  Dr.  Bigsby,  and  kindly  advice  received  from  him,  tend  to  enhance, 
f  possible,  the  sense  of  gntification  felt  by  me  in  learning  that  my  name  has  been 
idcted-to  the  roll  of  those  considered  worthy  to  receive  the  Bigsby  Medal." 

In  presenting  the  Balance  of  the  Wollaston  Fund  to  Bichard 
Lydekker,  Esq.,  B.A.,  F.O.S.,  the  President  said : — 

Mr.  Lydekker, — The  Council  has  awarded  to  you  the  Proceeds  of  the  WoUaston 
)oiistion  Fund  in  recognition  of  the  value  of  your  numerous  contributions  to 
Tertebrate  Palaeontology.  We  trust  that  you  will  continue  these  investigations 
nd  that,  whether  they  appear  in  the  publications  of  this  Society  or  elsewhere,  the 
nalts,  like  those  which  nave  preceded  them,  may  tend  to  the  steady  advancement 
f  oor  favourite  science. 

Mr.  Ltdbkksr,  in  reply,  said: — Mr.  President, — The  particular  branch  of 
^deontology  to  which  my  own  studies  have  been  more  especially  directed  is  one 
rbich,  from  its  nature,  is  so  beset  with  difficulties  that  it  is  very  apt  to  lead  to 
iMgivinCT  as  to  whether  any  real  good  results  from  its  pursuit.  The  assurance 
oQTeyea  by  the  honour  that  the  Council  of  the  Society  has  conferred  upon  me,  that 
neh  work  as  I  have  been  able  to  do  is  not  unappredateo,  is  therefore  very  gratifying. 

Although  circumstances  have  rendered  it  almost  imperative  that  I  should  devote 
17  time  U>  literary  work  rather  than  to  original  scientific  research,  yet  I  still  hope  to 
to  something  in  the  latter  tield. 

Please  accept,  Sir,  on  behalf  of  the  Council,  my  thanks  for  the  mark  of  distinction 
hat  they  have  bestowed  upon  me. 

In   handing  the  Balance   of    the    Murchison   Geological  Fund 

awarded  to  the  Rev.  Richard  Baron,  F.L.S.,  F.G.8.,  of  Antanana- 

ivo)  to  Wm.  Topley,  Esq.,  F.R.S.,  for  transmission  to  the  recipient, 

he  President  said  : — 

Mr.  Topley, — I  have  to  request  you  to  transmit  to  the  Rev.  R.  Baron  the  Balance 
f  the  I*roceeds  of  the  Murchison  Creological  Fund,  in  testimony  of  the  interest  taken 
7  the  Council  in  the  geological  work  which,  amid  so  many  mscouragements,  he  is 
urying  on  in  Madagascar.  We  desire  him  to  accept  this  Award  as  a  mark  of  our 
earty  sympathy  and  of  our  wish  to  aid  him  in  his  researches. 

Mr.  ToPLBY,  in  reply,  said: — Mr.  President, — On  behalf  of  Mr.  Baron,  who  is 
ow  in  Madagascar,  I  beg  to  thank  the  Council  and  yourself  for  the  honour  conferred 
pon  him  in  the  award  of  the  Murchison  Fund.  As  a  Missionary  in  an  area  as  yet 
st  little  known,  Mr.  Baron  has  exceptional  opportunities  for  original  research,  and 
lat  be  has  not  neelected  those  opportunities  is  evident  from  his  papers  already  read 
I  this  Society  and  to  the  Linnean  Society.  The  Award  now  made  will,  I  am  sure, 
}  an  incentive  to  further  work  in  a  most  promising  field  of  research. 

The  President  then  handed  one  half  of  the  Balance  of  the  Lyell 
reological  Fund,  awarded  to  Dr.  C.  J.  Forsyth-Major,  of  Florence, 
)  Dr.  H.  Woodward,  F.R.S.,  for  transmission  to  the  recipient,  and 
idressed  him  as  follows : — 

Dr.  Woodward, — In  remiesting  you  to  transmit  to  Dr.  Forsyth -Major  one  moiety 
:  the  Balance  of  the  Lyell  Geological  Fund,  I  wish  to  express  the  Council's  appre- 
ation  of  his  researches  and  its  hope  that  he  will  continue  them.  He  has  done  much 
'  increase  our  knowledge  of  the  Pliocene  Mammalia  of  the  Val  d'Amo,  and  he  has 
cently  extended  his  explorations  among  the  younger  Tertiary  deposits  of  the  Eastern 
Mediterranean. 

Dr.  Woodward,  in  reply,  said :— Mr.  President,— On  behalf  of  Dr.  C.  J.  Forsyth- 
[ajor,  I  have  to  acknowledge  the  honour  conferred  upon  him  by  the  Council  of  this 
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lifpoyta  and  Procetilimya — 

im  ■  moictf  of  tbe  L^  WvdA.    The  mirt  h  wtaA  Dr. 
!•  dFTolcd  his  life  no  mtirelj  KCflcA  «ith  ^  i>  '  "  ' 

I  I  faanot  donht  the  qip 

M  deToted  maiif  jean  ti  

n  fsanu  of  tbe  V>1  d'JUai  mmk  3WlhaB  Etafr.  ^  lii 

'  sll'^1  the  Toloe  imd  Btcimi^  o(  ha  wL    I^kfr  la  &>  ^nli^ 

-  '"nition  of  the  Plincene  f»m  rf  ^  ^^  •(  ^^  ^  ka 

i>!n'  impflrtsnl  collEclinn  <>t_pi«aBt  miti  [wilialll  HMMii) 

'I  St  uaeam,  the  uther  in  tbe  BHtad  Hnscimi    !f <na>l  Wt>mfL 

miing  IbcM  sre  ■  lirxe  nmnbcr  of  ttaa  -([HTiliadff' ifaCBH 

Irani  Ihe  e^uiinleat  deposits  of  I^kiaaii  in  ^i^-^.  tfiknM  il 

'ba  iu  I'ennB ;  and  ■!»>  seven!  m  tJpH  «<  nock  B^Mit  M 

IwidiT  dintrihution  for  eiiatinj;  tmns. 

1i-MBJnr'a  bupe  to  upend  the  cwIt  m 

Riptions  uf  tbtac  fiMsil  remaiu,  w&ck 

cietT  mj  ^rslfful   sckBosledfanM  irf  the 
Uf  Ao  innoh  the  laorn  aa  rmniDi:  tnm 
1,  ovjng  to  the  fact  that  mj  tuiil; 


il  worli  T  hare  iitriTi>D  to  follow  the   UMfii  a<  MB  sf  ^ 

e  Intt  Dr.  Huiih   FbJcodit,  demtinc  B^aU  Mr*  to  O* 

"  ~  ~  ''I  Iheii  Fpe«dr  piAliciliaa.    TUt  ream* 

-  '  -"^--'=11  th»t  of  Dr.  F»l™»rV' 

e  oilier  half  of  the  BnUnce  of  tbe  Lyell  Geoli^c^ 


I  acd  I'bnerTuIiiiiu  thau  I' 
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ie  late  ABsistant-Secretary  Mr.  W.  S.  Dallas,  M.  Edmond  Hubert 
ad  M.  Alpbonse  Favre  (Foreign  Members,  both  elected  in  1874), 
Lr.  Wm.  Davies,  Mr.  Robert  Wm.  Mylne,  Mr.  Samael  Heckles,  Dr. 
[.  B.  Brady,  Mr.  Samuel  Adamson,  and  Profl  Antonio  Stoppani 
Foreign  Correspondent,  elected  in  1889). 

He  then  dealt  with  the  history  of  volcanic  action  in  Britain  during 
16  earlier  ages  of  geological  time.  He  proposed  to  oonfine  the 
)nn  **  Archasan  "  to  the  most  ancient  gneisses  and  their  aocompani- 
lents,  and  showed  that  these  rocks,  so  far  as  we  know  them  in  this 
)ontry,  are  essentially  of  eruptive  origin,  though  no  trace  has  yet 
sen  found  of  the  original  discharge  of  any  portion  of  them  at  the 
irfaoe.  Passing  to  the  younger  crystalline  schists,  which  he  classes 
nder  the  term  "  Dalradian,'*  he  pointed  to  the  evidence  of  included 
olcanic  products  in  them  throughout  the  Central  Highlands  of 
Gotland  and  the  North  of  Ireland.  The  Uriconian  series  of  Dr. 
iallaway  he  regarded  as  a  volcanic  group,  probably  much  older 
lan  the  recognized  fossiliferous  Cambrian  rocks  of  this  country, 
he  Cambrian  system  he  showed  to  be  eminently  marked  by  con- 
)mporaneous  volcanic  materials,  and  he  discussed  at  some  length 
le  so-called  pre-Cambrian  rocks  of  North  Wales.  He  reviewed 
le  successive  phases  of  eruptivity  during  the  Arenig  and  Bala 
eriods,  and  described  the  extraordinary  group  of  volcanoes  in 
forthem  Anglesey  during  the  latter  time.  The  volcanoes  of  the 
lake  District  were  next  treated  of,  and  reference  was  made  of  the 
jcent  discovery  by  the  Geological  Survey  that  an  important  volcanic 
roup  underlies  most  of  the  visible  Lower-Silurian  rocks  in  the 
outh  of  Scotland.  The  last  portion  of  the  Address  was  devoted  to 
Q  account  of  the  volcanoes  of  Silurian  time  in  Ireland,  and  it  was 
bown  that  during  the  Bala  period  a  chain  of  submarine  volcanic 
ents  existed  along  the  east  of  Ireland  from  County  Down  to  beyond 
le  shores  of  Waterford ;  while  in  Upper- Silurian  time  there  were 
t  least  two  active  centres  of  eruption  in  the  extreme  west  of  Kerry 
nd  in  Mayo. 

The  Ballot  for  the  Coancil  and  Officers  was  taken,  and  the  following  were  duly 
ected  for  the  ensuing  yeoii— Council:  Prof.  J.  F.  Blake,  M.A. ;  W.  T,  Blanford, 
LD.,  F.R.S. ;  Prof.  T.  G.  Bonney,  D.Sc,  LL.D..  F.R.S.;  James  Carter,  Esq.; 
unesW.  Davis,  Esq.,  F.L.S  ,  F.S.A. ;  John  Evans,  D.C.L.,  LL.D.,  F.R.S.; 
.  Fletcher,  Esq.,  M.A.,  F.R.S. ;  C.  Le  Neve  Foster,  D.Sc,  B.A. ;  A.  Geikie, 
L.D.,  F  R.S.  ;  A.  Harker,  Esq.,  M.A. ;  J.  C.  Hawkshaw,  Esq.,  M.A.  ;  H. 
icks,  M.D.,  F.R.S. ;  G.  J.  Hinde,  Ph  D. ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S. ; 
rof.  T.  McKenny  Hughes,  M.A.,  F.R.S. ;  J.  W.  Hulke,  Esq.,  F.R.S. ;  J.  E. 
:arr,  Esq.,  M.A. ;  H.  W.  Monckton,  Esq. ;  F.  W.  Rudler,  Esq.  ;  J.  J.  H.  Teall, 
sq.,  M.A.,  F.R.S. ;  W.  Topley,  Esq.,  F.R.S;  Prof.  T.  Wiltshire,  M.A. ,  F.L.S. ; 
:.  Woodward,  LL.D.,  F.R.S. 

Officers. — President:  A.  Geikie,  LL.D.,  F.R.S.  Vice- President* :  W.  T. 
lanford,  LL.D.,  F.R.S.  ;  Professor  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.;  L. 
letcher,  Esq.,  M.A.,  F.R.S. ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.  Secretaries: 
:.  Hicks,  M.D.,  F.R.S.;  J.  E.  Marr,  Esq.,  M.A.  Foreign  Secretary:  J.  W. 
:ulke,  Esq.,  F.R.S.     Treasurer:  Prof.  T,  Wiltshire,  M.A..  F.L.S. 


lihinnj—The  Works  of  WilHam  Davies, 

THE  SAIGA   AXTEI.UPE  IS   BRITAIS. 
FebriiHry  Number  of  the  Geological  Maqazise.  p.  94, 
the  (tisoovery  of  the  horns  of  the  Saiga  Antelope  in 
iravels  at  Twiokenham.      An  earlier  discover;  waa, 
some  years  ogo  of  this  northern  animal  by  the  lata 
ne.   The  B[)ei:iinen8.  whiuh  mnsisled  of  two  horn-coree, 

i)  Ihem  to  belong  to  the  Saiga  Antelope.   Unfortunately 
Id  not  eav  where  they  came  from.     He  thouglit  from 
lood  of  Bedford,  and  wid   he  would   make   further 
ose   inquiriea    miiBt   have    failed    to    elicit   anything 
g  for  which  has  been  the  reason  of  this  long  delay  in 
noiincenipnt — a  reason  now  removed  by  the  discoyery 
aliiy  and  the  certainty  of  British  origin, 

JOHBPH  FeKBTITIOB. 
OBITXr^E.-2-- 
3L0GICAL  Work  of  tuk  latb  William  Da  vies,  F.G.S. 
am  Davies,  wlirise  death  we  regretted  to  have  to  record 
b,'  another  link  between  the  present  school  and  the 
itiah  Vertebrat*  Palieontology  baa  been  Bevered.     His 
on  with  the  Uritish  Museum  placed  bira  in  the  midst 

1874.  CKii 
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showing  tbe  lataift  BOfvdtiBi  m  tke  BridA  M«m«  ts^  tiMr  vko 
eoold  apiireciate  ikem  wmd  p«blbk  the  mew  facts  is  a  ftCB  diax 
would  tend  to  the  •Jiiaufiui  of  kaovMge.  Froai  If^  Miw«i>ift« 
howeTCT,  Mr.  Divios  wm  an  pccnrigiil  ooBtiihnor  to  ibe  Gmuwi- 
CAL  Maoaziss;  and  in  IcQeC  he  mMed  n  short  demipirkiii  of  the 
Yertebimto  foerile  to  Dr.  Heair  Hicks*  pepv  ob  the  os^ws  of  the 
Vale  of  Clwjd  in  the  Qaaitcrlr' Joizmal  of  the  G«ioloE:icnl  Smety. 
Apart  from  incidcBtal  obaeriations  and  Icnera.  tLew  ccntiibatMis 
may  be  enumerated  aa  fidlows : — 

186S.  On  the  Vtfaa  ■■liua  cf  FcmA  lUmsmMSam  RemBm  iwdiaT<gtiirrIW|M«nR. 
QsoL.  Mao.  T«L  IL  p^  2S».  34e. 

1871.  Alpfcabctifl  Catologw  <rf  Tjp»  SpccoMW  «f  F«n2  fUw  ia  the  BdxaA 

MaBeam,  Md,  ToL  VHI.  pp.  20S-±16.  SM. 

1872.  On  the  Roitnl  IVcJoapiiflM  <rf  SfM^mM^pt^^M^ik.  Af.«  iU.T<a.  IX. 
p.  145-lM,  PL  IT. 
'kh  H.  Woodmd.'    Xotei  «b  the  Pkiiamne  Bfwnfr  ^vlfiv  Moi- 

udiia  Btmaim  m  the  TlcmitT  «<  lUod.  £wi,  tfctf.  Dci^.  U.^ToL  I. 

pp.  S90-398. 
1876.  On  the  ExhimutioB  and  DifiliiyMat  <tf  a  large  Efplfle  Ommamrm  mwmfms, 

Owen),   from  the  Eimwfidge  Oat,  Swindoa,  ikid,  Dw.  U.  ToL  III. 

pp.  193-197,  Ph.  Til.  Tm. 
1878.  On  a  Collection  of  netftocene  Manmak  Dredped  ofi  Ae  Eartaa  C<Mt«  tM: 

Dee.  II.  Tol.  V.  pp.  97-100. 

1878.  On  the  Xomeiielatare  «f  SmtnerpkmJtu  Umtiffrmis  of  die  Britidi  Cietaccoos 

Deponts ;  with  Descriplico  of  a  Xew  SpeoE*  ;5.  Wmdwttriii  .  %M.  Dee.  II. 
Vol.  T.  pp.  254-261,  PI.  Till. 

1879.  On  some  r  uh  Exbtup  from  the  Chalk,  eenenllT  lefwifd  to  Derteitt  tkmpthu^ 

Ag. ;  and  on  a  New  Species  of  Fossil  Annelide,  Ttrtieiim  Letctwnn*,  iM. 
Dec.  II.  ToL  TI.  pp.  145-148. 

1879.  On  some  RecentlT  DiscoTered  Tteth  of  Oribot  in«irA«fiw  from  Cnrford.  Kent^ 

ibid.  Dec.  II.  tol.  TI.  pp.  246-248. 

1880.  On  some  Foenl  Bird-Remains  from  the  Siwalik  Hills  in  the  British  Moaeom, 

ibid.  Dec.  II.  ToL  TIL  pp.  lS-27,  PL  II. 
1880.  On  some  Bones  of  the  Lrnx  from  Teesdale,  obtained  bT  Mr.  James  Backhouse, 

of  York,  ibid.  Dec.  if.  ToL  TIL  pp.  346-349,  Pis*  XL  XU. 
1884.  Note  on  Remains  of  the  £mn  from  the  Wellington  Cares,  New  Sooth  Wales, 

ibid.  Dec.  III.  Tol.  I.  p.  265. 
1884.  Note  on  some  New  Camirores  from  the  British  Eocene  Formations,  ibid, 

Dec.  III.  ToL  I.  pp.  433  438,  PL  XIT. 

1886.  Note  on  the  Animal  Remains  from  some  Bone-Cares  in  North  Wales  (Ffrnnon 

Beuno  and  Cae  Gwyn),  Quart.  Joarn.  Geol.  Soc  rol.  idii.  pp.  17-19. 

1887.  On   New  Species  of'  Pholidophom*  from  the  Purbei'k  Beds  of  Dorsetshire, 

Geol.  Mao.  Dec.  III.  ToL  IT.  pp.  337-339,  PL  X. 

Mr.  Davies'  long  association  with  Sir  Antonio  Brady  in  recovering 
the  remains  of  fossil  Mammalia  from  the  brick-fields  near  II ford, 
resalted  in  1874  in  the  publication  of  *'A  Catalogue  of  the  Pleisto- 
cene Vertebrata  in  the  Collection  of  Sir  Antonio  Brady,"  which  is 
of  great  value  on  account  of  its  well-known  accuracy.  Tliis  was 
the  only  separate  publication  he  undertook  as  author,  though  by 
no  means  the  only  one  in  the  preparation  of  which  he  played  an 
important  part.  In  Fossil  Fishes,  Prof.  L.  G.  de  Koninok  acknow- 
ledges Mr.  Davies'  important  aid  when  preparing  the  first  part  of 
the  "  Faune  Calo.  Carbonif.  Belgique  " ;  and  the  author  of  the  first 
two  volumes  of  the  British  Museum  Catalogue  of  Fossil  FihIior 
expresses  his  indebtedness  to  Mr.  Davies,  not  only  for  much  adviw. 
but  also  for  his  revision  of  the  whole  of  the  proof-sheets,     Notwith- 


iro'l-'i — IhtivnationnI  Groligici!  Vougrrsn. 

rioiis  retirement  from  active  Bervice,  Mr.  Davieg 
le  n-vision  of  the  proofa  of  the  Britieb  Museani 
sil  Ueptilea.  As  Sir  ftioliard  Owen  remiirkB,  th« 
)  cranium  of  Daiomit  was  due  to  Mr.  Daviee,  wliQ 
hioiig  some  fi^h-ri'Diains  from  tbe  Loudon  Clay ;  and 
.iiipulation  of  the  same  observer  we  are  indebted 
layed  jaws  of  Odontapteryx.  Prof.  LeiCb  Adam* 
communication  and  consultation  with  Mr.  Davits 
his  Memoir  on  British  Foseil  Elephants,  of  Uie 
J  our  lamented  friend  hai)  unrivalled  knowledge; 
luseum  Catalogue  of  FuEsil  Mammalia  owes  ma^k 
record  of  the  hislory  of  specimens  to  its  careful 
ame  hnmi.  Unly  a  little  more  Ihan  a  year  ago, 
:d  with  bis  usual  enthusiasm  upon  the  reading  of 
Bssrs.  Woodward  and  Sherborn's  "Catalogue  of 
|Vertebrata,"  to  which  he  made  important  coiitribn- 
of  his  letters,  containing  information  of  much 
in  reference  to  literalure  and  specimens,  are  now 
bound  volume  in  tbe  Geological  Library  of  the 

In  literary  work,  however,  Mr.  William  Davies  leaves 
I  in  the  British  Museum.  The  gi-eat  bead 
lllnmmolh  was  rescued  from  destruction  enlirety  by 
Bdisinterment  of  sucb  remains;  and  the  same  remark 
J  of  the  unique  gems  in  the  Brady  Collection.  The 
Ige  OtttosaurHt  from  the  Eimmeridge  Clay  of  Swindon 
1  from  A  difficult  matrix,  or  built  up  from  apparenily 
loeiits,  in  part  by  his  own  hand,  in  part  under  his 
hifroiiapi'don  —  one  of  the  latest  acquisitious  —  was 
under  tbe  same  supervision;  and  Mr. 
iportaot  part  ia  superintending  the  extrication 
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North  Amebioa.^ 

(PART  II.) 

Bj  Prof.  0.  C.  Mabsh,  Ph.D.,  LL.D.,  F.G.S.,  etc. 

(PLATES    IV.*  AND  V.) 

TWO  years  ago  at  the  Bath  Meeting  of  the  British  Assooiation,  I 
had  the  honour  to  present  a  paper  in  which  I  oompared  the 
priDcipal  known  Dinosaurs  of  Europe  with  those  of  Amerioa.'  In 
this  communication  I  referred  to  some  peculiar  reptilian  remains 
from  the  Gosau  formation  of  Austria,  and  compared  them  with 
certain  Laramie  fossils  from  America,  about  which  I  hoped  soon  to 
have  more  definite  information.  As  an  indication  of  the  rapidity 
'With  which  knowledge  of  ancient  life  is  advancing,  it  may  be 
interesting  to  know  what  has  been  learned  in  two  years  concerning 
this  single  group  of  the  remarkable  reptiles  known  as  Dino8auria, 
This  group  I  have  termed  the  Ceratopsida,  and  I  shall  refer 
especially  to  the  forms  I  have  recently  investigated,  and  hope  to 
describe  more  fully  later  on,  under  the  auspices  of  the  United  States 
Geological  Survey. 

The  geological  horizon  of  the  Ceratopsida  in  America  is  a  distinct 
one  in  the  Upper  Cretaceous,  and  has  now  been  traced  nearly  eight 
hundred  miles  along  the  eastern  flank  of  the  Hocky  Mountains.  It 
is  marked  almost  everywhere  by  remains  of  these  reptiles ;  hence 
I  have  called  the  strata  containing  them  the  Ceratops  beds.  They 
are  fresh- water  or  brackish  deposits,  which  form  a  part  of  the 
so-called  Laramie,  but  are  below  the  uppermost  beds  referred  to 
that  group. 

The  fossils  associated  with  the  Ceratopsida  are  mainly  Dinosaurs, 
representing  two  or  three  orders,  and  several  families.  Plesiosaurs, 
Crocodiles,  and  Turtles  of  Cretaceous  types,  and  many  smaller 
feptiles,  have  left  their  remains  in  the  same  deposits.  Numerous 
small  mammals,  also  of  ancient  types,  a  few  birds,  and  many  fishes, 

^  Read  before  Section  C  of  the  British  Association  for  the  Advancement  of  Science, 
&t  ^e  Leeds  Meeting,  September  4, 1890.  See  also  American  Journal  of  Science  (3), 
^ol.  xuvl.  p.  477,  December,  1888  ;  vol.  xxxvii.  p.  334,  April,  1889;  vol.  xxxviii. 
P-  173,  August,  1889,  p.  501.  December,  1889  ;  and  vol.  xxxix.  p.  81,  January, 
1890,  p.  418,  May,  1890.        *  For  Plate  IV.  see  the  April  Number  Geol.  Mao. 

'  Report  of  the  British  Association  for  the  Advancement  of  Science  for  1888, 
p.  660.  London.  1889.  Abstract,  American  Journal  (3),  vol.  xxxvii.  p.  323, 
^pril,  1889.     See  also  Geol.  Mao.  1890,  pp.  1-6,  and  PL  I. 
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f.  0.  C.  Mamh— Gigantic  Ceratop»id(e. 

itombed  in  this  formation.     Invertebrate  fossils  and 
iDComtuoD  in  the  btme  liurizoD. 

of  one  Hpecies  was  described  and  illustrated  in  ttie 
*Q«.»K  for  1890  (Dec  III.  VoL  VII.  PI.  I.  pp.  1-5). 
1  bo  sufficient  to  refer  the  reader.     But  the  following 
tntary   thereto,    form   part  of  the   psper   which  ap- 
■  American  Journal  of  Science"  for  February,  1891. 
res  of  the  i^kult  haTo  sine*  been  prepared  and  are 
•IV.  andV. 

■es   of  Trieeralopi  fiabellalvt   (see  Qroi.  M.IG.  1690. 
'I),  it  was  pointed  out  that  the  rostral  bone  was  fre« 
cured  (op.  eU.  p.  2).  but,  in  another  Hkull,  represented 
1.  2,  'i.  i,  and  u,  the  rostral  bone  and  nasal  horn-core 

bonea  are  quite  short,  and  early  unite  with  each  other 

adjoining  elements,  especially  those  behind  them. 
central  region  of  the  skull  is  thus  greatly  strengthened 
1  enormous  horn-cores  which    tower   above,     Tliese 

mainly  on  the  post-frontal  bones,  but  the  sopra- 
be    post-orbitaU   are   also  absorbed    to    form   a   bi.iI  id 

the  hom-cores.  These  horn-cores  are  hoUoie  al  the 
'.  Fig.  1),  and  in  genera!  form,  posifinii.  anil  external 

ntui  Imnes  are  very  large,  and  meet  each  other  on  the 

The  brain-oaae  ib  well  oasified  id  front,  and  in  old  animals  there 
ii  a  Btrong  septiim  separating  the  olfaotory  lobei. 

Tketh  or  Tkioiratopb. — Tlie  teeth  of  Trieeratopa  and  its  near 
i]liea  are  very  remarkable  id  having  two  distinct  roots.  Thia  is 
true  of  both  the  upper  and  lower  series.  These  roots  are  placed 
transversely  in  the  jaw,  and  there  is  a  separate  cavity,  more  or  leas 
distinct,  for  eacb  of  Ibem.  One  of  these  teeth  from  the  upper  jaw, 
represented  by  figures  of  the  natural  size  (Plate  V.  Figs.  3-6),  are 
typical  of  the  group. 

The  teeth  form  a  single  series  only  in  each  jaw.  The  upper  and 
lower  teeth  are  similar,  but  the  grinding  face  is  reversed,  being  on 
the  inner  side  of  the  upper  series,  and  on  the  outer  side  of  the  lower 
leries.  The  soulptured  surface  in  each  series  is  on  the  opposite  side 
from  that  in  nse. 

The  teeth  are  not  displaced  vertically  by  their  successors,  but 
from  the  side.  The  crown  of  the  young  tooth,  also  with  two  strong 
looti,  outs  its  way  between  the  alveolar  margin  and  the  adjaoent 
root  of  the  old  tooth,  sometimea  advancing  between  the  two  roots, 
u  might  be  expected. 

The  teetb  in  this  family  are  entirely  confined  to  the  maxillary 
uid  dentary  bones.  The  rostral  bone,  the  pTemaxillariee,  and  the 
pie^dentary,  are  entirely  edentulous. 

CiBvioAL  AND  Dorsal  Yxutbbbx. — The  atlas  and  axis  of  Trieera- 

t»pi  are  coossified  with  each  other,  and  at  least  one  other  vertebra 

'     ia  firmly  united  with  them  (Woodcut,  Fig.  1).     These  form  a  solid 

SUM,  well  sdapted  to  support  the  enormous  head.     The  oup  fur  the 

occipital  condyle  is  nearly  round,  and  very  deep.     The  rib  of  the 

'     Hound  vertebra  is  oodssified  with  it,  but  the  third  is  usually  free. 

,      ^la  centrum    of  the   fourth  vertebra   is   free,  and   the  remaining 

wrvicals  are  of  the  same  general  form,  all  having  their  articular 

fiwM  nearly  flat  (Woodcut,  Fig.  2). 


Fio.  I, — Aolcrior  cerrical  vertebis  of  Trierratnpi  pBroitu,Va.nh;  nda  Tiew . 

Fio.  2.— Foorth  orviciil  Tertebra  of  same  series  ;  back  view. 

a.  enterior  face  of  atlai ;  d.  diapuphjaiB :  n,  iieuml  canal ;  p.  poaterior  face 
of  fourth  Tertebra ;  r.  rib ;  i.  neural  spine  of  aiis  ;  i'.  neural  spine  of  third 
Twtebra;  i".  neural  epine  of  fourth  vertebra;  i'.  poaterior  ijgapopbjBin. 

The  anterior  dorsal  vertebrte  have  very  short  centra,  with  flat 
uticalar  ends,  and  resemble  somewhat  those  of  Stegoiaurvt,  especially 
in  the  neural  arcb  (Woodcut,  Figs.  3-4). 
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Trof.  M.  Q.  Seeley — On  Bubalus  BainiL  199 

Id  Cbe  median  caudals  the  centra  have  biconcave  articular  faces, 
aod  weak  neural  spines.  The  distal  caudals  are  longer  than  wide, 
with  the  ends  nearly  round  and  concave. 

14  15  16 
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Fio.  14. — More  distal  caudal  of  Rame  species  ;  side  view. 
Figs.  15, 16. — Front  and  bottom  views  of  same  vertebra. 

17  18  19 
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Figs.  17-19.— Distal  caudal  of   same  species;    side,  front,  and  bottom  views* 

All  the  figures  are  ione-eighth  natural  size. 

EXPLANATION    OF  PLATES. 

PLATE  rV.— (For  Plate  IV.  see  April  Number  Geol.  Mao.) 

Fio.  1.     Skull  of  THeeratopsJlabeUatus^  Marsh  (seen  from  behind). 

Fig.  2.  Skull  of  Trietratopt  poro»ut.  Marsh  ;  (seen  from  the  front)  d.  dentary ; 
p.  parietal;  pd.  pre-dentary;  «.  squamosal;  #.  epoccipital ;  h.  horn- 
core  ;   q.  quadrate ;  A',  nasal  horn-core ;  r.  rostral  oone. 

Fios.  1  and  2,  one-twentieth  natural  size. 

Fio.  3.  Anterior  part  of  skull  of  Trictratop»  prorttUj  Marsh  ;  side  view ;  one- 
eighth  natural  size. 

Fig.  4.     Front  view  of  same. 

Fig.  5.     The  same ;  seen  from  below. 

A',  nasal  horn-core;  n.  nasal ;  na,  narial  aperture ;  pm.  premaxillary ;  r. 
rostral  bone. 

Fio.  6.     Pre-dentary  of  same  individual ;  side  view ;  one-eighth  natural  size. 

Fio.  7.     Bottom  view. 

a.  anterior  end ;  h.  upper  border ;  d.  groove  for  dentary ;  «.  symphysis. 

Fio.  8.    Top  view  of  same  specimen. 

PLATE  V. 

Fig.  1.  Skull  of  Ttieeratopt  serratuty  Marsh  ;  diagram  ;  seen  from  above,  d, 
epijugal  bone ;  /.  Irontal ;  fp.  postfrontal ;  J.  jugal ;  m.  maxillary  ;  n. 
nasal ;  pf,  prefrontal ;  pm.  premaxillary ;  x,  pineal  foramen  (one- 
twentieth  natural  size). 

Fig.  2.  Cast  of  brain-cavity  of  Tiieeratopa  serratua^  Marsh  ;  side  view ;  one-half 
natural  size. 

e.  cerebral  hemispheres;  eb  cerebellum  ;  m.  medulla;  o/.  olfactory  lobe; 
on.  optic  nerve ;  p.  pituitary  body. 

Fio  3.    Maxillary  tooth  of  'hiceratopt  serratus ;  outer  view ;  natural  size. 

Fio.  4.    The  same  tooth ;  side  view. 

Fig.  5.    The  same  tooth  ;  inner  view. 

Fig.  6.    The  same  tooth ;  seen  from  below. 

(To  be  contintted  in  our  next  Number.) 


IL — On  Bubalus  Bainii  (Seklky). 
By  Professor  H.  G.  Seblby,  F.R.S.,  F.G.S.,  etc. 

YERY  little  is  known  in  England  of  the  Tertiary  deposits  of 
South  Africa.      Some  marine  beds  are  found,  as  at  Batburst, 
^here  the  limestone  is  full  of  teetb  of  Carchadon  and  Lamna,  and 
of  TurriUlla    Oatrea,  Donax,  and  Lucina.     The  shells  are 


rof.  H.  0.  Seeleij—On  Bubalus  Bainii. 

It.  Albany  Miiwum.     I  waa  informed  that  these  beds 
feel  above  tbe  sea.     The  teeth   shown  to  me  in  their 
,  yellowish  tone  rather  recalled  the  condition  of  Red 

'  interior  of  the  Colony  freshwater  Tertiary  depoaita 
p   ancient    valleys,  and    sometimes    exisiing    rivers 

1  sometimes  to  have  been  partially  eroded  and  again 
e  modern  river  denudation  laid  ihe  existing  sections 
i  older  muds  and  gravels  are  remains  of  a  terrestrial 
0  longer  lives  in  Africa,      I  had  no  opportmiitj  of 
B  antiqiiily,  or  of  making  an  approximate  list  of  ilH 
ly  attenlinn  was  called  by  M.  Peringney  to  some  of 
;ii  the  South  African  Museum  at  Cape  Town.    Besides 
iriiary  fossils,  there  are  one  or  two  which  would  bo  of 
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Anotber  mammalian  fossil  is  better  antbentioated.  In  tbe  Pro- 
ceedings of  tbe  G^logical  Society  of  London,  vol.  iii.  November 
20th,  1889,  tbe  first  evening  communication  was  ''Extract  from 
a  letter  addressed  to  Dr.  Andrew  Smitb  by  A.  G.  Bain,  Esq., 
dated  Grabam  Town,  Gape  of  Good  Hope,  February  2l8t,  1839, 
and  communicated  by  Gbarles  Darwin,  Esq.  Tbe  object  of  tbis 
extract  is  to  announce  tbe  discovery  by  Mr.  Martin  Smitb  of 
the  pitbs  and  portions  of  tbe  bead  of  an  ox  in  tbe  alluvial  banks 
of  tbe  Moddar,  one  of  tbe  tributaries  of  tbe  Orange  Biver,  and 
40  feet  below  the  surface  of  tbe  ground.  Tbe  pitbs  with  tbe  breadth 
across  tbe  os  frontis  measured  11  feet  7  inches,  but  it  is  calculated 
that  5  inches  had  been  broken  o£f  the  end  of  each  tip;  and  the 
circumference  of  the  piths  at  the  root  was  18  inches.  The  orbits 
were  situated  immediately  under  the  base  of  the  boms.  Part  of 
the  upper  jaw  containing  five  molar  teeth,  and  other  fragments  of 
the  head,  as  well  as  a  cervical  vertebra,  were  found  at  tbe  same 
time."  With  time  Mr.  Bain's  estimate  of  tbe  original  size  of  the 
bom  cores  extended.  For  in  the  Trans.  G^l.  Society,  series  2,  voL 
rii.  p.  59,  the  specimen  is  again  alluded  to  in  a  letter  to  Sir  Henry 
de  la  Beche  from  Fort  Beaufort,  April  29, 1844.  <*  From  an  alluvial 
deposit  on  the  banks  of  the  Moddar  Biver,  before  noticed,  there  was 
obtained  about  five  years  ago  the  skull  of  a  kind  of  Buffalo,  retaining 
the  bony  cores  of  a  pair  of  horns  which  it  is  calculated  must  have 
measured  full  fourteen  feet  from  tip  to  tip  when  perfect.  This  fossil 
is  now  in  Gape  Town."  In  the  same  volume  of  the  Geological 
Transactions,  p.  192,  is  a  final  reference  to  another  and  apparently 
similar  animal.  Mr.  A.  G.  Bain  in  a  paper  on  the  Geology  of  South 
Africa,  read  Nov.  15th,  1852,  says,  '*I  ought  perhaps  to  mention  that 
I  have  frequently  heard  of  animal  remains  being  discovered  in  the 
alluvium,  differing  from  those  of  existing  animals  ;  and  I  discovered 
at  Bloemhoff,  in  the  Division  of  Graaf  Reinet,  about  10  feet  below 
the  surface,  in  a  marly  alluvial  soil,  some  remains  of  an  extinct 
ruminant,  consisting  of  a  skull,  with  the  core  of  one  bom  attached, 
the  former  being  of  extraordinary  length  in  proportion  to  its  breadth. 
Its  forms  part  of  the  collection  of  1847  [sent  to  the  Geological 
Society]  and  must  speak  for  itseif.  I  have  no  doubt  a  diligent  search 
in  the  deep  ruts  or  ravines  which  everywhere  intersect  the  great 
plains  of  the  interior  would  produce  a  vast  number  of  extinct 
mammalian  remains  perfectly  new  to  science." 

What  became  of  the  second  specimen  is  not  evident,  but  I  make 
no  doubt  that  the  former  is  the  beautiful  ornament  which  hangs 
from  the  gallery  in  the  South  African  Museum  at  Cape  Town,  partly 
because  Mr.  Thomas  Bain,  who  assisted  in  collecting  specimens,  has 
always  believed  that  specimen  to  be  his  father's  fossil,  and  partly 
because  it  agrees  with  Mr.  Bain's  description  published  in  1839.  I 
therefore  propose  to  name  it  Bubalus  Bainiu 

This  Bufi&lo  has  the  largest  pair  of  bom  cores  known  in  the 
genus.  Tbey  are  remarkable  not  only  for  length,  but  for  curvature ; 
the  horn  bending  first  forward  and  then  backward  in  a  curve,  which 
lies  in  one  plane,  which  otherwise  rather  suggests  the  form  and 


^^^I^^^^H 
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f  Alammotli  tueks.     The  transverse  measurement  in  a 

»  between  tlie  uxtremitieH  of  the  bom  iKires,  ^¥hjch  are 
Jlel  to  each  other,  is  8  feet  Gi  iaobea  measured  by  M. 

But  on  Ibe  right  side  the  curve  extenda  U  inch  furthei 
ra  Ihe  middle  line  of  the  skull  than  on  the  left  side.  H. 
of  the  South  African  Museum,  had  the  Itindnew  to  -verify 
A.  G.  Bain'g  measurement ;  and  as  now  preserved  the 
g  the  postarior  or  concnTe  curvature  is  11  feet  1  inch, 
Kponds  sufficiently  with  1 1  feet  7  inohes  obtained  by  Mr, 
>ly  by  taking  the  outer  curve.  1'he  horn  eores  are  alat 
cylindrical,  the  flattening  being  moderate,  a  cliaraoter  ol 
'st  when  compared  with  the  flattened  form  of  the  bore 
!  large  Bubalus  palaindiciit  of  the  Nerbudda.  The  fact 
narrow,  rounded  above  the  orbits,  flattened  from  side  tt 
incave  in  length  between  the  frontal  and  nasal  region 

of  the  bead  as  preserved  is  224  inches,  but  with  th. 
ration  at  the  back  of  the  bead  and  the  lost  premaxillarj 
1  in  front  it  would  be  several  inches  longer.  In  genera 
is  fossil  approaches  nearest  to  the  South  African  Buffalo 

be  judged  from  its  stale  of  preservation  ;  and  it  probablj 
the  same  relation  to  that  type  which  the  Bo»  primigrnivi 

gravels  and  superficial  deposits  has  to  existing  Britisl 
is  not  withont  interest  to  find  that  Sooth  Africa  is  n< 
0  tbe  general  law,  thai  some  of  the  existing  races  o: 

Dec^ademVolViriPl.VI, 


G-M  Wooiwartidel  ttlii 


"•*- 

,  1 

S.  B.  Newion—On  the  Genm  Liveillia.  203 

LkeilHa  is  therefore  proposed  to  take  the  place  of  L6veilU'8  genus 
Poreellia. 

I  may  state  that  my  colleague  Mr.  E.  A.  Smith,  F.Z.S.,  the  Con- 
chologist  of  the  British  Museum,  warmly  supports  my  action  in  this 
matter,  and  fully  admits  the  justice  and  desirability  of  removing 
ForceUia  from  the  list  of  molluscan  genera. 

Genus  L^yeillia,  B.  B.  Newton,  nom.  mtU. 
Porcdlia,  C.  Leveille,  1835,  non  Latreille,  1804. 

The  chief  characters  of  this  genus  may  be  briefly  stated  as : — Shell 
nearly  symmetrical,  monothalamous,  discoidal,  biconcave;  whorls 
contiguous  and  on  the  same  plane,  except  initial  ones,  which  are 
slightly  raised,  and  all  exposed  within  a  wide  umbilicus;  the 
dorsal  area  bears  a  narrow  and  centrally  situated  continuous  band, 
or  groove,  which  opens  on  the  external  part  of  aperture  in  a  slit ; 
aperture  oval  or  quadrangular ;  surface  structure  beaded,  ribbed,  or 
spirally  striated ;  umbilical  margin  round  or  angular,  with  a  series 
of  Dodulatious  or  quite  plain ;  shell  structure  moderately  thick. 

The  distinguished  Belgian  palteontologist,  the  late  Prof  L.  G. 
de  Eoninck,  published  some  extended  observations  on  this  genus 
iu  1843  *  and  1883,'  giving  a  full  synonymy  and  an  emended  descrip- 
tion  of  the  original  diagnosis. 

Two  species  were  described  by  Leveille  in  illustration  of  his  genus, 
viz.  Puzo  and  Icevigata.  The  latter  of  these  being  without  a  slit, 
De  Eoninck  removed  to  Euomphalus  in  1843,  and  finally  to  the 
genus  StraparollM  in  1883,  from  which  fact  it  is  evident  he  con- 
sidered the  presence  of  the  median  band  of  the  highest  generic 
importance,  although  Leveille  failed  to  include  it  among  his  original 
characters,  recognizing  it  as  only  of  specific  value  in  his  description 
of  L.  Puzo,  the  type  of  the  genus.  The  central  position  of  this  band 
divides  the  shell  into  two  equal  parts.  With  the  growth  of  the 
shell  the  band  becomes  successively  filled  up  until  it  reaches  the 
aperture  where  it  is  still  open  to  form  the  slit.  The  slit  itself  is 
often  difficult  to  trace  in  specimens,  but  it  is  usually  well  seen  in 
the  weathered  examples  from  Tournay.  Its  special  function  would 
Qo  doubt  be  as  in  other  fissured  genera  for  the  pui*pose  of  ejecting 
vitiated  water  from  the  branchial  chambers  of  the  animal. 

Generic  affinities, — In  following  the  history  of  this  genus  we  find 
that  much  misconception  has  arisen  as  to  it-s  proper  position  in  the 
MolluBca.  Many  of  its  species  have  been  ranked  with  the  Cephalo- 
poda under  Ammonites^  Nautilus,  Qoniatites,  etc.,  though  the  total 
Absence  of  septa  or  chambers  is  strong  evidence  against  such 
determinations.  Others  have  been  described  as  Schizostoma, 
^llerophon,  and  Pleurotomaria.  With  regard  to  the  first  of  these 
genera,  it  may  be  stated  that,  possessing  no  slit,  its  other  pecu- 
liarities need  not  be  discussed.  On  examining  Bellerophon,  or  genera 
*nown  to  be  closely  allied  to  it,  we  find  it  to  be  usually  a  heavy 
globose  and  convolute  shell,  with  a  wide  and   semilunar  mouth, 

^  Desc.  Anim.  Fobs.  Ter.  Carbonif.  Belgique,  1843,  p.  357. 
'  Faune  Calc.  Carbonif.  Belgique,  1883,  p.  112. 
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fcnra  strong  calloBities  on  its  inner  margins.     The 

"»  not,  however,  a  jwraistent  character,  someliioPS 

regular  series  of  isolated  pfrforutiDiis,  as  in  Tremanotut 

r  Bjieoies  the  oeiitral  part  of  the  dorsal  area  may  be 

<i  mere  depression  without  apparently  any  oonnexioa 

ir  of  the  shell,  until  the  lip  is  reached,  when  a  deep 

present.    Pteurolomaria,  especially  its  more  depressed 

I  mirnbitit,    Deslongcbamps,    presents    more    striking 

■  genus.     The  whole  of    the  Pleurotomariidie 

ntarrupted   slit,    its   position    on    the    teat   raijing 

t  species.   The  P.  wirubiji'i  differs  from  LevetUia  ia 

il  and  having  a  wide  band  excentrally  situated,  but 

?nt  is  Tery  similar  in  structure  and  arrangement, 

n  his  latest  review  of  this  genus,  ranked  it  with 

.  family  peculiar  for   shells   bearing  a  regularly 

)f  siphonal    openings  on  the  dortwu.     With  this 

am   unable   to  agree,  as    the   continuous   slit    or 

ledly  a  feature  of  much  importanee  in  our  genus. 

|vould   seem  to  justify  us  in  uniting  L^veillia  with 

I,  thus  following  the  views  first  adopted  by  Dr, 

'  in  1868,  afterwards  by  Mr.  R.  Etberidge.  jun.,»  in 

"lul  Fischer 'in  1S85.     As  Lcfri/dfl  and  BtlUroj.hon 

.    considered   to   belong   to   the   same  faniilj*,   viz. 

may    not  be  out   of    ]  ' 
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(PorcelUa)  was  also  inolnded  in  the  family.  In  1864,  Trot  James 
HalP  described  Tremanotu$t  a  new  Bellerophontoid  genus,  from 
the  Niagara  Limestone  of  Illinois,  which  possessed  a  regular  series 
of  siphonal  openings  on  the  dorsal  region  of  the  shell  instead  of  the 
uninterrupted  band.  This  discovery  led  to  some  valuable  observations 
by  the  late  Mr.  F.  B.  Meek,'  in  1866,  who,  grasping  the  importance 
of  this  unuBoal  character  in  Prof.  Hall's  genus,  looked  upon  it  as 
the  chief  link  of  evidence  required  to  prove  the  Prosobranchiate 
affinities  of  BeUerophan,  and  the  desirability  of  associating  it  with 
the  fissured  shells  of  that  group  in  close  proximity  to  the  Haliotidie, 
I^urellidsB,  and  the  PleurotomariidsB.  It  is  satis&ctory  to  note 
that  Meek's  decision  in  this  matter  is  at  last  being  recognized  with 
favour,  having  been  adopted  by  Prof.  Karl  ZitteP  in  1882,  Mr. 
R.  Etheridge,  jun.,^  in  1882,  De  Eoninck*  in  1883,  Dr.  Paul 
Fischer  *  in  1885,  and  lastly  by  Messrs.  Nicholson  and  Lydekker  * 
in  1889. 

Disiribuiian  of  LiveiUia, — Devonian,  Carboniferous,  and  Triassic 
Bocks  of  various  localities  in  England,  Ireland,  Scotland,  Belgium, 
France,  Germany,  Russia,  America  and  Australia. 

The  Triassic  species  are  peculiar  to  Hallstatt  and  St.  Oassian. 

LivxiLLiA  (Porcellia)  Puzo,'  C.  L6veille,  1835. 
M^m.  Soc.  G^l.  France,  1835,  vol.  ii.  pi.  xi.  figs.  10,  11,  p.  39. 

Ooniatttes  iniercostalis,  J.  Phillips,  1836. 

Illust.  Geol.  YorkBhire,  Part  2,  Mountain  Limest.  District,  1886,  pL  20, 

figs.  61,  62,  p.  237. 

Porcellia  Puzo,  L.  G.  de  Eoninck,  1843. 

Desc.  Anim.  Foss.  Terr.  Carb.  Bclgique,  1843,  pi.  28,  fig.  1,  p.  359. 
Faune  Calc.  Carb.  Belgique,  1883,  pi.  35,  figs.  26-28,  p.  116. 

There  is  nothing  to  add  to  the  characters  of  this  type  as  originally 
defined  by  LeTcill^,  and  which  have  been  further  added  to  by 
Be  Eoninck.  A  notice  of  the  species  here  is  necessitated  by  the 
introduction  of  Phillips*  Oonxaiites  iniercostalis  into  its  synonymy 
for  the  first  time.  The  brief  description,  as  given  by  Phillips  of 
this  species  stands  thus :  '*  Discoid,  ivhorls  costato-tnberculated  on  the 
Bides,  round  on  the  back,  with  spiral  intercostal  strisB,"  and  this  is 
accompanied  by  two  figures,  one  showing  a  side  view  with  its  nodu- 
lated whorls,  the  other  exhibiting  the  size  and  shape  of  the  aperture, 
both  figures  being  taken  from  different  specimens  preserved  in  the 
**  Gilbertson  Collection,"  now  arranged  as  one  of  the  separate  type 

^  Eighteenth  Kept.  Reg.  Univ.  New  York,  1864,  p.  347  ;  Twentieth  Kept.  1867, 
pi  XT.  figs.  23,  24. 

-  Note  on  the  AfiSnities  of  the  Belleropbontidtc,  Proc.  Chicago  Acad.  Sciences, 
1866,  Tol.  i.  p.  9. 

*  Handb.  Palsontologie,  1882,  p.  183. 

*  Proc.  Roy.  Phys.  Soc.  Edinburgh,  1882,  vol.  rii.  part  i.  p.  73. 
»  loe.eit.  p.  119. 

*  Man.  Conchyliologie,  1885,  p.  852. 

'  Man.  Palaeontology,  1889,  ed.  3,  vol.  i.  p.  767. 

'  For  a  fuller  aynon}'my  of  this  species  the  student  is  referred  to  De  Koninck's 
vorb  u  here  qaoteia. 
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Geological  Department  of  the  British  Musenm  (ITafnnil 
ho  presence  of  the  dorsal  groove  in  these  specimens, 
irlooked  by  Phillips,  together  with  the  well- developed 
tering  the  umbilical  margin,  its  highly  ornamented 
qua'irHnnuIar-shaped  mouth,  leave  no  doubt  as  lo  ite 

with  this  Bpecies, 

and  i,oca/i( I/.— Carboniferous  Limestone  of  Bolland. 
I^ollection,  British  Museum.] 

.EVKILLIA   LATIDORBATA  (ep.  nOT.)-      PI-  VI. 

irarter*. — Sliell  large,  discoidal.  biconcave,   last  whorl 
broad  ;  umbilicus  wide,  deep,  with  prominent  angiilar- 
es,  forming  strong  marginal  serrations;  nodules  decrease 
rds  the  younger  volutions  of  the  whorls ;  the  veotr&l 

nd    closely    set    lines    minutely    beaded    in    structure, 
cross   these  concectrically  on  the  younger  whorls; 
1  moderately  convex  and  very  broad  near  the  aperture. 
■  diminishing  in  width  towards  the  nucleus,  ornamented 
.nd  broad  ribs,  which  are  crossed  (ransversely  by  fine 
rife :  ribs  with  a  slightly  wavy  contour  and  widest  near 
margins,  decreasing  in  width  and  becoming  straighter 
umeroua    as    they    approach    each   side   of  the   median 
rture   (]nndrangnlar;    groove    narrow   and    prominent; 
e  thick  and  robust. 
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XiPiiiivcaB  TO  THB  Dmcbibid  Spbcies  of  LeveiUia ;  thobb  mabkbd  with  ax 

ASTERISK  (*)     BSDCO     KbPBBSENTBD     IN     THB     BrITUH     MuSBUM    (NaTTJBAL 
HiSTOBT)    CoLLBOnONS* 

Trias. 

Lheittia    (SeAizottoma)  £uehiif*  \  Munster,    1841,    Beit.    Petrefactenkunde; 
n        i         »        )  cottata*  f      1841,  pi.  zi.  figs.  6,  6,  pp.  106,  106. 
locality, — St.  Cassian. 
LrvetUui  {F&reellid)  Fiteherif   Hornes,    1855.      ITeber  die  Gastropoden   und 
Acephalen  der  Hallstatter  Schicbten.    Denksch.  k.  Ak.  Wiasen.  Wien,  1865, 
Tol.  9,  part  2,  pi.  i.  fig.  7,  p.  46. 
I<M»/t^y.— Halktatt. 

Garbonitbrous. 

LiTBiLLiA  {Foreettia)  armata,  Miirchison,  Yemeuil,  and  Eeyserling.    Q6ol, 
Bussie  Europe,  1846,  vol.  2  (Paldontolog^,  pi.  xxiv.  fig.  3,  p.  346. 
Localities. — Orchard  ;  Cnugenglen ;  Craigie  (Western  Scotland),  vide  Armstrong, 
Toang  and  Robertson's  <<  Cat.  wWm  Scottish  Fossils,"  1876,  p.  68. 

Lheillia  {P^reellia)  earinata,  L.  G.  de  Koninck,  1883.    Faune  du  Calcairo 
Carbonif^  de  la  Belgique,  1883,  pi.  xxxiii  bis.  figs.  27-31,  p.  114. 
Locality, — Tonmay. 
LhnUia  (PtireeUia)  Dupontij  L.  G.  de  Koninck,  1883.    Loe.  eit,  pi.  zxxr. 
figs.  9-12,  p.  118. 
Localitioi, — Pauqays ;  Ireland  {var.).* 
LheiUia  {Pinreellia)  Le  Sonif  L.  G.  de  Koninck,  1883.    Zoe.  eit.  pi.  xxxiii  Ha, 
figs.  32-36,  p.  116. 
Locality. — Tonmaj. 
LeveiUia  {Poreellia)  mosana^  L.  G.  de  Koninck,   1883.     Loe.  eit.  pi.  xxxy. 
figs.  13-16,  p.  117. 
Locality. — Vis^. 
Lheillia  (Poreellia)  Puzo*  C.  L^yeilld,  1836.    Aper9U  G6ologiqne  de  quelques 
localites  tr^  riches  en  coquilles  sur  les  fronticres  de  France  et  de  Belgique. — 
Description  des  coquilles,  Mem.  Soc.  G^ol.  France,  1836,  Yol.  2,  part  1, 
pi.  ii.  fi^.  10,  ll»jp>  39. 
Localities. — ^BoUand  ;  "Vis6  ;  Toumay. 
LcrHllia  {BelUrophon)  Vemeutli*  D'Orbigny,  1838.    Hist.  Nat.  C6ph.  fccetab. 
1838,  pi.  vi.  firn.  12-14,  p.  212. 
Localities. — BoUana;  Vi»6. 
Liveillia  (Xautilites)  Woodwardi,*  "W.  Martin,  1809.     Petrefacta  Derbiensia, 
1809,  pi.  xxxT.  figs.  4,  5,  p.  17.— Mineral  Conchology,  1827,  pi.  671,  fig.  3. 
— Rech.  Fobs.  Pal.  NouT.—Galles  Sud  (Australiaj),   1876,  pi.  23,  fig.  8, 

J).  319  (De  Koninck). 
ities. — Bolland ;  Winster,  Derbyshire ;  Vis^.  The  original  type  of  this 
ipecies  was  refigured  by  James  de  Carle  Sowerby  in  the  Mineral  Conchology,  1827. 
It  now  forms  jMirt  of  the  **  Sowerby  Collection,  arranged  in  the  Type  Gallery  of 
the  British  Museum.  An  interesting  fact  in  its  distribution  is  De  Koninck*s  record 
^  its  occurrence  in  the  Carboniferous  rocks  of  Burragood,  New  South  Wales. 

Devonian  (European). 

Lcvcillia  {Poreellia)  caleeoke^  F.  A.  Ropmer,  1866.     Beitrage  zur  geologischen 
Kenntniss  des  nordwestlichen  Horzgebirges. — Palffiontographica,  1866,  vol. 
13,  pi.  33,  fig.  6,  p.  205. 
Locality. — Hartz. 

Lheillia  {Poreellia  ?)  cincta,  Miinster,  1840.     Loe.  eit.  1840,  p.  84  (not  figured). 
Locality. — Elbersreuth . 
Lheillia  {Belkrophon)  eultrata,  D'Orbigny,    1838.     Loe.  eit.  pi.  7,  figs.  21- 
23,  p.  208. 
Locality. — Eifel. 
Lheillia  {Bellerophon)  Edouardiiy  D*Orbigny,  1838.    Loe.  eit.  pi.  7,  figs.  6,  7, 
p.  216. 
Locality. — ^Eifel. 

Lheillia  poreellia)  parvula,  Miinster,  1840.     Loe.  eit.  1840,  p.  84  (not  figured). 
Locality. — ^Elbersreuth. 
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LheiUia  (AmmomtUt)  primordimlii^  ScUotiiam,   1820.     Petrefactenkiiode, 

1820,  p.  65.— MerKw&ndigeYenteiiwniiigeii.  1882,  pi.  ix.  ^.  2,  p.  16. 

(?)  Sehtzoitoma  earinaimmf  r.  A.  Bcemer,  1860.    Beit.  geol.  Kmntniw  nofd. 

Han.  1860,  pi.  t.  fig.  28,  p.  38. 

Locality, — ^Winterton,  near  Grand,  Han.     B6mer*a  apedea  sppean  to  be  the 

Immature  fonn  of  X.  primarduilit. 

LheiUia  {JBettenfpAom)  radiata,  D*Orbigiij»  1838.    Loe.  cit.  pi.  6,  figa.  20-23, 
p.  216. 
Locality, — ^Eifel;  Knaaia. 

LiveiUia  (KautUitet)  Woodwardi,  W.  Martm,  1809,  ke.  cit. 

„        (Belierophon)  JFoodumrdi,  J.  Phillipa,  1841.    Fig.  Deac  PlOcoaoie 
Foaa.  Cornwall,  DeTon,  etc.,  1841,  pL  40,  fig.  201,  p.  107. 
Locality. — ^Newton,  South  DeTon. 

DBTOHiAir  (American). 

L^reiUia  (Porcellia)  crastinoda,  G.  A.  White  and  R.  P.  Whitfield,  1862. 
ObeerrationB  iroon  the  Rocks  of  the  MisaiaBippi  Valley  which  have  been 
refenned  to  the  Chemung  Oronp  of  New  York,  together  with  Deacriptions  of 
New  Species  of  Fossils  from  the  same  horixon  at  Buriington,  Iowa.  Proc 
Boston  Soc.  Nat.  Hist.  1862,  yol.  8,  p.  303  (not  figured). 
Locality. — Burlington,  Iowa. 

LheiUia  {Porcellia)  HertzcH,  J.  Hall,  1876.     Illustr.  DcTonian  Foss.  1876, 
pi.  xri  fig.  24.    Nat.  Hist.  New  York  (PalaH>ntology),  1879,  toI.  t.  part  2, 
pi.  x^-i.  fig.  24,  p.  126. 
Locality. — Columbus,  Ohio  (Upper  Helderberg). 

LheiUia  {Gyroceraa  and  Poreellia)  nais,  J.  Hall,  1862.     Descriptions  of  New 
Species  of  Fossils  from  the   Upper   Helderberf?,  Hamilton  and  Chemung 
Groups.     Fifteenth  Ann.  Bep.  Regents  New  York,  1862,  part  D.  pi.  6, 
figs.  6,  6,  p.  68. 
Locality. — Chemung  Co.  (Chemung  Group). 

LheiUia  {Porcellia)  obliquinoda^  C.  A.  White,   1862.     Description  of  New 
Spi-cies  of    Fossils   from  the    Devonian  and  Carboniferous  Rocks  of   the 
MisHissippi  Valley.     Proc.  Boston  Soc.  Nat.  Hist.  1862,  vol.  ix.  p.  21  {nut 
figured). 
Locality. — ]3urlington,  Iowa  (Chemung  Beds). 

Leveillia  {Porcellia)   rectinoday  A.  Winchell,   1863.      Descriptions  of   Foa^ils 
from  the  Yellow  Sandstones  hing  beneath  the  ''Burlingtim  IJmestime"*  at 
Burlington,  Iowa.   I*roc.  Ac.  2^at.  Sci.  Philadelphia,  1863,  p.  18  (not  figured). 
Locality. — Burlington,  Iowa. 

EXPLANATION  OF  PLATE  \l. 

Fio.  1.  Leveillia  latidortata  (R.  B.  Newton),  rentral  view  of  specimen,  showing 
the  nodulations  aud  the  wide  umbilicus.  The  internal  volutions  are 
much  covered  with  matrix. 

Fio.  2.  Dorsal  view  of  same  specimen  showing  the  prominent  ribs,  the  mt-dian 
groove,  and  the  strong  marginal  serrations.  The  shell  fracture  a  £>hort 
distance  from  the  margin  of  the  mouth  opening  exposes  impres«>ion5  of 
the  ribs  and  groove  in  the  matrix. 

Fio.  3.  Internal  section  of  another  specimen  of  the  same  species  showing  the 
thickness  of  the  shell,  the  contiguity  of  the  whorls  and  its  globular 
nucleus.  The  figure  also  illustrates  the  monothalamous  nature  of  the 
genus. 

The  figures  are  drawn  of  the  natural  size. 
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rv. — Note  ok  trs  Ags  and  Ancient  Glaoiebs  of  the  Himalayas. 

By  W.  T.  Blaitford,  LL.D.,  F.R.8.,  etc. 

I  DO  not  think  geologists  who  have  stndied  the  Himalayas  will 
be  disposed  to  agree  with  Mr.  Howorth  (ante,  pp.  97-104, 
156-163)  that  those  monntains  have  come  into  existence  since  the 
time  when  the  Mammoth  flonrished  in  Siberia.  It  is  qnite  possible 
that  the  Himalayas  are  higher  now  than  they  were  in  Pliocene  or 
even  in  Pleistocene  times ;  but  the  geological  evidence,  so  far  as  it 
18  known,  is,  I  think,  in  favour  of  the  view  expressed  by  Mr.  B.  D. 
Oldham  in  the  Gbolooioal  Magazine  for  February  (antet  pp.  72-73). 
This  view  is  that  the  period  of  elevation  has  approximately  coin- 
cided with  the  Tertiary  era.  The  Upper  Pliocene  beds  along  the 
southern  border  of  the  range  so  closely  resemble  in  material  and 
coarseness  those  forming  in  the  same  area  at  the  present  day  as  to 
indicate  very  similar  geographical  conditions,  and  Mr.'  H.  B.  Medlicott 
showed,  many  years  ago,  that  where  the  great  Himalayan  rivers 
flow  now,  great  rivers  have  flowed  since  early  Pliocene  times  at 
least  The  principal  question  in  dispute  amongst  recent  investiga- 
tors of  Himalayan  Geology  has  been  whether  the  range  existed  in 
Pre-Tertiary  times  or  not  Mr.  Howorth's  contention  that  the 
elevation  of  the  Himalayas  is  Pleistocene  (or,  as  some  geologists 
call  it,  Post-Tertiary)  has  the  very  great  merit  of  novelty. 

Mr.  Howorth's  principal  argument  for  the  recent  origin  of  the 
Himalayas  is  founded  on  the  absence  of  ice-markings  on  a  large 
scale.  On  this  subject  he  has  brought  together  a  remarkable  mass 
of  evidence.  It  is  difficult,  without  writing  a  paper  of  considerable 
length,  to  pick  out  the  weak  points  in  this  evidence,  and  to  show 
how  much  may  be  said  on  the  other  side.  I  will  give  one  example 
of  each  form  of  reply. 

One  of  Mr.  Howorth's  principal  witnesses,  perhaps  I  should  say 
his  principal  witness,  is  the  late  Mr.  J.  F.  Campbell.  Now  Mr. 
Campbeirs  main  object  in  the  paper  quoted  was  to  demolish  certain 
rather  extravagant  ideas,  held  only  by  a  few  extreme  glacialists, 
about  polar  ice-caps  extending  to  the  tropics  and  similar  hypotheses. 
As  a  matter  of  fact,  Mr.  Campbell  never  entered  the  main  Himalayan 
range ;  he  only  went  to  three  or  four  hill-stations  on  the  outer  spurs. 

On  the  other  hand,  Mr.  Howorth  has  overlooked  evidence  by 
geologists  who  really  traversed  the  main  range.  The  only  part  of 
the  higher  Himalayas  that  I  have  been  able  to  examine  is  to  the 
eastward  in  Sikkim.  Here,  more  than  forty  years  ago.  Sir  J. 
Hooker  described  great  moraines  in  every  Himalayan  valley  that 
he  ascended,  at  or  about  7000  or  8000  feet  elevation  (Himalayan 
Journals,  vol.  i.  p.  3S0).  I  found  the  same,  and  can  entirely  confirm 
Sir  J.  Hooker's  observations.  The  Lachoong  and  Laohen  valleys 
(which  unite  to  form  the  Teesta)  have,  above  the  lowest  moraines, 
the  U-shape  and  other  characteristics  of  glacier  valleys.  At  the 
present  day,  in  this  part  of  8ikkim,  no  glaciers  descend  below 
14,000,  and  very  few  below  16,000  or  17,000  feet.  TW%  ^x^\. 
glaciers,  in  this  part  of  the  Himalayas,  descended  va  P\Q\fiVQK2(^ti^ 
tiiD^  from  6000  to  10,000  feet  lower  than  ttiey   do  xvo^*    Va 
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liiog  to  Drew  and  Lydekker  (Mem.  Geo!.  Surv.  Tnd, 
,1,  the  OBse  is  very  Biniilar.     In  sliort,  so  far  as  I  can 
on  of  tlie  glaciers  in  the  HimalayaB  was  very  similar 
I  in  the  Alps ;  bul  as  the  latter  are  from  16°  to  20° 
lie  glaciers  came  lo  the  base  of  the  mountains,  and 
<\f  of  the  adjacent  country,  whilst  in  the  HimalayaB 
i'll  within  the  range. 

Iier  fact  cited  by  Mr.  Howorib  is  the  curions  oocur- 
ris  of  fossil  Horses,  Bovines,   lihlnoceroseB.  etc.,  in 
;,  too,  I  think  be  has  overlooked  part  of  the  evidence, 
V  is  under  the  impression  that  none  of  the  animals 
i»e.  Ox,  Peer,  Rhinoceros,  and  Elephant,  can   live  at 
s    as    ]5,OU0    feet       The    fact    is,    however,    as    Mr. 

:b,  Bo»  gmnaieni)   do  inhabit  Hnudes  at  the  present 

ciiliar   to   the  Tibetan    plateau,   and   that  the  only 
mut   the   Kl.inoceros  (the  occurrence  of  Elephat   is 
lieve).     The  beds  containing  the  remains   are  now 
Ir.  Lydekker  (Reo.  Geol.  Surv.  Ind.  1887,  p.  54)  as 
leiBtocene.    It  is  probable  that  these  beds  bave  under- 
iinioiuit  of  elevation  ;  bnt  if  I  were  obliged  to  decide 
■  improbable,  that  a  Rhinoceros   in    Pliocene   times 
(.-et  above  the  sea,  or  tliat  the  Tibetan  plateau  has 
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bnlging  up  at  the  sarfaoe,  is  reduced  by  denadation  to  the  form  of 
a  mountain-chain. 

This  theory  has  at  different  times  received  attention  from  geologists, 
and  it  has  met  with  a  considerable  amount  of  ailverse  criticism. 
Much  of  that  criticism  appears  to  me  of  a  very  forcible  character, 
but  one  of  the  strongest  objections  that  can  be  brought  agaiust  the 
theory  does  not  seem  to  have  been  generally  noticed.* 

It  is  obvious  that  the  heat  which  passes  into  and  expands  the 
sediment  must  be  withdrawn  from  the  immediately  adjoining  parts 
of  the  earth's  crust,  partly  laterally,  but  chiefly  from  below;  and 
that  the  amount  of  heat  gained  by  the  sediment  must  be  equal  to 
that  lost  by  the  crust.  The  increase  in  volume  of  the  sediment 
must  therefore  be  accompanied  by  an  equal  decrease  in  volume  of 
that  part  of  the  crust  from  which  the  heat  has  been  derived.  Thus, 
the  sediment  in  expanding  must  follow  a  crust  that  is  retreating, 
and  this  retreat  must  take  place,  partly  laterally,  but  chiefly  down- 
wards. Instead,  then,  of  the  sediment  bulging  up  at  the  surface, 
and  ultimately  forming  a  mountain-chain,  its  uppermost  layer  must 
remain  practically  stationary  (so  far  as  the  effect  of  the  transference 
of  heat  alone  is  concerned),  while  most,  if  not  nearly  all,  of  the 
sediment  below  must  subside. 

It  may,  in  reply  to  this,  be  urged  that  the  sediment  will  check 
for  a  time  the  natural  outward  flow  of  heat  from  the  earth's  interior, 
while  the  heat  will  continue  to  pass  as  before  through  the  other 
parts  of  its  surface  which  are  not  areas  of  sedimentation.  This  may 
he  the  case,  but  the  amount  of  heat  so  checked  cannot  be  great 
Supposing  no  heat  at  all  to  escape  for  some  time  through  the 
sediment,  then  its  effect  in  raising  the  surface  of  the  mass  relatively 
to  that  of  the  earth,  can  at  the  very  most  be  represented  by  the 
diminution  of  the  earth's  radius  during  that  time ;  and  this  diminu- 
tion will  be  small.  The  actual  relative  elevation  of  the  surface  of 
the  sediment,  if  there  be  any,  will  of  course  be  very  much  less  than 
the  change  of  radius. 

It  follows,  then,  that  the  expansion  theory  is  a  theory  of  sub- 
sidenoe,  rather  than  a  theory  of  elevation. 

VI.— On  a  Microsaurian  {Hylosomus  Wildi,  sp.  nov.)  from  the 

Lamoashirk  Coal-field. 

By  Arthur  Smith  "Woodward,  F.G.S.,  F.Z.8. 

TOURING  a  recent  examination  of  a  collection  of  fossils  made  by 
J  /  Mr.  George  Wild  in  the  Burnley  Coal-field,  Mr.  John  Ward, 
P.G.S.,  recognized  a  novelty  in  the  small  Microsaurian  which  forms 
the  subject  of  the  following  notes.     The  specimen  was  forwarded 

*  It  has  not,  howeyer,  been  overlooked  by  the  Rev.  0.  Fisher.  "The  beat 
conducted  into  the  new  deposits,*'  be  remarks,  ^'must  be  abstracted  from  the 
coaches  beneath,  so  that  there  can  be  no  absolute  increase  in  the  amount  of  heat 
beneath  the  area  in  question  except  such  as  is  supplied  to  it  laterally,  so  that  the 
process  must  be  excessively  slow  *  (Pbvsics  of  the  Earth's  Crust,  second  edition, 
p- 132).  I  am  indebted  to  my  friend  Mr.  Fisher  for  drawing  my  attention  to  this 
Pingraph,  which,  with  the  exception  of  the  last  few  words,  contains  in  a  condensed 
lonn  the  arg^ument  that  follows. 
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Muaeum  fnr  determination,  and  a  detailed  study  of  its 
vea  it  to  repreitent  a  Microsaurian  family  that  has  not 
mrred  in  ihe  Carboniferoiia  of  Europe. 
A'aa  obtained  from  the  roof  of  the  "  Bullion  Coal  "  at 
.r  Collie,  and  coinpriBee  tlie  bead,  abdominal   region, 
lie  tail  or  a  eniuU  animal,  occujiying  the  whole  of  an 
it  nodule  008  in.  in  length.     The  .jaw  cannot  have 
1  than  0-017  in  length,  and  the  diHlAnce  between  the 
limbs  must  have  been  about  0'03G.     There  are  also 

ad,    no    recognizable    portions    reniain    beyonri    Iha 
imi.     The  ramus  of  the  left  fide,  imperfect  at  both 
1  shown  of  twice  the  natural  aize  from  the  inner  asi>ect 
.  and  exhibits  some  of  the  conical  leeth,  which,  though 
a  very  large  pulp  cavity  with  the  walls  apparently 
m  at  the  base.     The  axial  akelelon  of  the  trunk  is  also 
y  preserv'ed,  the  remains  of  nerUbrce  merely  indicating 
B  well  oaaified  and  not  permitting  the  determination  of 
ra.      Portions  of  some  of  the   anterior  ri6a   (Fig.  I,  r) 
BtrtutneBH,    with   an   expanaion    both    proiimally    and 
whether  they  poaseseed  a  distinct  head  and  tubercle 
'rniined.    Traces  of  the  posterior  abthiminal  and  caudal 
lat  these  were  comparatively  slender. 
ipjcMFi^^^^elativelWnrge^n^eem^o 
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slender,  and  must  ha^e  been  terminated  at  each  extremity  by  nnoii- 
sified  cartilage.  The  tdna  (?  or  fibula)  alao  appears  to  have  been 
slender,  equalling  about  one-half  the  length  of  the  femur ;  but  its 
outline  is  not  satisfactorily  shown. 

The  dermal  $etUe$  cover  the  whole  of  the  trunk  so  far  as  preserved, 
all  being  oval  in  shape,  deeply  imbricating,  and  exhibiting  promi- 
nent concentric  lines  of  growth.  Those  of  the  ventral  armour  (Fig. 
1,  «.)  are  much  larger  than  those  of  the  dorsal  (d.) ;  and  the  former, 
when  magnified  {v\),  show  feeble  radiating  lines  eiUier  superficial  or 
structural. 

The  fossil  thus  described  may  be  assigned  without  much  doubt  to 
the  Microsaurian  family  of  Hylonoroidss  as  restricted  by  Fritsoh.^ 
So  far  as  known,  indeed,  it  cannot  be  separated  from  the  type  genus 
Hyhnamut  itself,  llie  general  proportions  are  similar,  and  there 
are  the  same  indications  of  the  laterally  compressed  form  of  the 
trunk ;  while  the  relative  stoutness  of  the  anterior  ribs  will  also 
doubtless  be  proved  to  charaoteriase  the  typical  species  from  Nova 
Scotia  when  suflSdently  well  preserved  examples  are  discovered.* 
The  closely  allied  gpnus  ffyloplenon  of  Fritsch '  is  distinguished  by  its 
ibort  interclavide  with  a  long  posterior  process,  by  its  more  slender 
anterior  ribs,  and  by  the  relatively  smaller  size  of  the  ilium ;  and 
the  remaining  genera  are  excluded  from  comparison  by  equally 
obvious  characters.  Upon  present  evidence  it  is  thus  proposed  to 
regard  the  Microsaurian  from  the  Lancashire  Coal-Measures  as  a 
•pecies  of  Hylonomus ;  and  as  this  appears  to  be  new,  it  may  appro- 
priately bear  the  name  of  H.  Wildi,  in  honour  of  its  discoverer,  Mr. 
George  Wild,  whose  long-continued  researches  in  the  Burnley  Coal- 
field, especially  in  connection  with  the  Carboniferous  Flora,  are  well 
known.  Among  distinctive  specific  characters  may  be  enumerated 
the  form  and  proportions  of  the  mandible  and  dermal  armour ;  while 
the  precise  contour,  size,  and  ornament  of  the  interolavicle  will  not 
improbably  prove  to  be  of  diagnostic  value  when  this  element  is  dis- 
covered in  the  several  species  from  Nova  Scotia. 


YII. — Observattoks  on  a  Ekupkr  Conglomerate  and  on  a  Breccia, 

BOTH  RbOXNTLT  ExPOSED  IN  THE  NEIGHBOURHOOD  OF  BRISTOL. 

By  T.  Stock,  Esq. 

1.  A  conglomerate  in  the  Keuper. — Whilst  a  drain  was  being  cut  in 
Argyle  Street,  joining  Upper  and  Lower  Eastvilles,  one  of  the  upper 
betls  exposed  consisted  of  a  rather  fine  conglomerate,  made  up  largely 
of  rolled  quartz  pebbles  of  small  size,  compacted  with  rounded 
quartz  sand  and  intermixed  with  coloured  fragments  (generally 
very  small  flakes)  of  softer  shale  or  clays.  I  did  not  measure  the 
thickness  very  carefully,  but  I  should  think  that  it  did  not  exceed 

^  A.  Fritsch,  Fauna  der  Gaskohle,  vol.  i.  p.  159. 

«  Sir  J.  W.  Dawson,  Geol.  Mao.  [31  Vol.  VIII.  p.  162. 

*  A.  Fritach,  torn.  di.  p.  160.      Hylopleaion  is  considered  to  be  identical  with 
Bylommm  by  Credner  (Zeitschr.  deutsch.  f^\.  Ges.  \o\.  xxxvW.  ^.  1*i\V,\$^\.^vvk 
ideatifieatioD  is  rerr  doubtful,  aa  lately  remarked  by  Sir  J .  ^ViWaia  13«.i!«OTi  \fs^Q\*. 
Mao,  [8]  Vol.  VlU.  p.  163). 


'.  Slock — Keiiper  Cuiiglotnerati',  Brisfol. 

d  as  tlie  drain  is  now  filled  iiji.  the  means  of  more 
urement   are    ioat      The  diBlnnco   I'roni   the  nearest 

of  the  Coal-measHrefl  is  aa  nearly  as  possible  half  a 
n  making  a  drain-cutting  in  Heath  Street,  connecting 
lies,  and  about  a  quarter  of  a  mile  neftrer  Stapleton 
lut  about  the  same  dislance  from  the  Coal-measures, 
jnieralio  bed   was  exposed,    in  which,  however,  the 

were  smaller.  As  the  Keuper  beda  lie  horizontally, 
1  ihia  disfrict,  the  second  bed  may  be  a  oontinnation 
tie  allifudes  being  approiininlely  similar.  There  is 
3w  that  this  conglomerate  differs  much  from  most 
wot  of  derivation,  being  probably  composed  of  the 
iterials  of  preexisting  formations,  of  rocks  perhaps  for 
of  Coal-measnre  age.  The  fineness  of  the  oonglome- 
luraily  he  attributed  to  its  greater  distanoe  from  the 
aces  of  green  olay  or  shale  may  be  referred  wilb  some 

ind  highly  coloured,  as  may  he  seen  in  the.  section 
Urickworks  and  elsewhere.      Apart,  from   the  question 
lus,  I  think  I  have  evidence,  which   requirea  however 
ly   weighed    and    reexamined,    of   the    using    up   of 
materials,    in  the  formation  of  certain  Jurassic  and 
hales,  in  which  (here  was,  as  is  well  known,  frequent 
1  elevation.     The  evidence  In  which  I  refer  is  a  few 
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I. — SKUBINOSMiBRKEB  OO  MORJBNEQBUS  EFTERYIST  I  FlNMAKKEN  FRA 
KN  PERIODS  M EOET  JSLDBE  END  **  I8TIDBN."     Udgivet  af  Dr.  HaNS 

Rbubch.       (Med   "An   English   Summary   of  the  Contents.") 
Norges  geol.  undersogelses  Aarbog  for  1891,  pp.  1-11. 

GLAOIAL-STRIiB    AMD    BoULDBR-OLAT    IN    FlMMABK,    BELONGING    TO    A 
PERIOD     XUOH     OLDER   THAN     THE     *' lOE    AgB."        By    Dr.    HaNS 

Reusch,  Director  of  the  Qeological  Survey  of  Norway. 

THE  northern  shores  of  the  interior  of  the  Varangerijord,  at  the 
&r  north  of  the  Scandinavian  Peninsula,  consist  of  a  low  range 
of  hills,  mainly  of  sandstone  and  conglomerate,  the  beds  of  this 
latter  rock  reaching  a  thickness  of  50  metres.  The  conglomerate  is 
entirely  unstratified ;  it  is  composed  of  stones  and  small  boulders, 
about  the  size  of  one's  head,  of  Archaean  gneiss,  granite  and  diorite, 
with  a  slight  admixture  of  fragments  of  dolomite  and  quartz,  which 
are  irregularly  scattered  in  a  ground-mass  of  reddish  clayey  sand- 
stone. The  general  appeamnce  of  this  rock  so  much  resembled 
Boulder-clay  that  Dr.  Reusch  was  induced  to  search  the  stones  in  it 
carefully,  and  he  found  definite  well-marked  scratches  on  some  of 
the  fragments  of  dolomite,  whilst  the  surfaces  of  some  of  the  pieces 
of  harder  rock  were  smooth  and  even,  with  traces  of  striss.  These 
markings  were  precisely  similar  in  character  to  those  produced 
by  ice-action  on  the  same  kinds  of  rock  in  comparatively  recent 
Boulder-claV}  and  could  readily  be  distinguished  from  slickenside 
markings  which  were  found  to  be  present  in  the  conglomerate  as 
well.  The  evidence  of  ice-action  was  further  shown  by  the  presence 
of  strisB  and  grooves  on  the  surface  of  a  hard  sandutone  immediately 
beneath  the  conglomerate,  which  had  been  laid  bare  by  the  weathering 
away  of  this  latter.  The  striae  appeared  to  belong  to  two  systems, 
and  they  could  be  traced  up  to  and  beneath  the  conglomerate. 

The  geological  age  of  these  ice-marked  sandstones  and  con- 
glomerates has  not  yet  been  satisfactorily  determined ;  by  Dr.  Dahll 
they  are  considered  as  Permian,  but  Dr.  Reusch  thinks  that  they 
belong  more  probably  to  some  portion  of  the  Carabro- Silurian  series, 
which  prevails  so  extensively  in  Scandinavia;  hitherto  no  traces 
of  fossils  have  been  found  in  them.  If  this  view  is  correct,  the 
discovery  of  what  appears  to  be  satisfactory  and  conclusive  evidence 
of  the  presence  of  glacial  action  at  this  far  distant  period  is  a  matter 
of  considerable  geological  interest.  In  the  paper  Dr.  Reusch  gives 
figures  of  the  scratched  stones,  with  profiles  and  sketches  of  the 
rocks  in  which  they  occur.  G.  J.  H. 


II. — Natural  History  Transactions  of  Northumberland,  Durham, 
AND  Nkwcastle-upon-Tynb.     Vol.  X.  Part  II.  (1890.) 

TWO  important  contributions  to  the  Geology  of  Northumberland 
and  Durham,  by  Mr.  Richard  Howse,  are  comprised  in  the 
latest  part  of  these  Transactions.  The  first  is  a  short  paper  on  the 
South  Durham  Salt  Borings,  with  remarks  on  the  fossils  found  in 
the  Magnesian- Limestone  cores,  and  the  geological  position  of  the 


CCS  of  Munoin— Syenites,  etc.,  de  Pouzac. 

»fle  attempts  to  proTe  the  identity  of  the  Upper  Lirae- 
3nlt-boring8  in  Soulh  Durhfim  with    the    Brotherton 

Yorkshire,  and  the  identity  of  both  of  these  with  the 
;   of  Gertnuny.     He  also  regards  the  lowest  deposit 

AS   of  Permian  age.     The  second  contribution  is  a, 
'  the  Locnl  KoBsils  in  the  MuHenm   of  the  Natural 
ty  of  Newcastle-upon-Tyne,"   which    occupies   sixty 
>  urginally  issued  ss  a  separate  publication  at  the  lime 

Association  Meeting  in  1889.     This  is  intersperfed 
1  notes  on  stratigraphy,  which  are  rendered  invalnahte 
's  long  eiperience  in  the  detailed  study  of  the  districL 

fnim  which  the  specimens  were  obtained  are  men- 
?uch  apeciea,  and  a  reference  is  given  to  the  record  of 
when  already  puhliahed. 

[TiON    DPS     SyEsiteb     N^puituNiguiES    db    Pouzao 
r6n6es)   kt  db    Montreal  (C^anada)   kt   db   lsdkb 
s    DB  CONTACT.      By  M.    A.    Lackoix.      (Bull.   Soo. 
e  (3),  liii.  1890,  No.  7,  pp.  511-68,  pis.  is.-»u.) 
important  contributions   to   ouv   knowledge   of  the 
syenites  ninde  during  the  past  few  years  by  Brijgger 
\n  Werwerke,  Derby,  ami  olliers.  have  received  an 
Bflion  in  the  above  Memoir  by  M.  L^.croix.     He  here 
Btail  the  nepbeline  syenites  of  Pouzac  and  Montreal 
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The  normal  porphjrites  are  probably  miorolitio  forms  of  tbe  diabase, 
JQSt  as  the  nepbeliDites  with  which  the  former  are  associated  (occur- 
ring especially  at  the  Mile  End  Qaarries)  are  of  the  teschenites.  At 
St  Anne  there  is  a  melilite  of  the  same  age  as  the  other  rocks  of 
this  group — a  point  of  interest,  as  this  variety  has  hitherto  been 
regarded  as  confined  to  the  Cainozoic. 

The  dominant  type  of  the  nepheline  syenite  is  a  rock  with  granitic 
structure  and  composed  of  grey  or  pink  felspar,  nepheline,  sodalite, 
amphibole,  pyroxene,  and  mica.  The  complete  list  of  minerals 
numbers  twenty-one,  and  these  are  all  described  in  detail ;  the  altera- 
tion products  are  similar  to  those  of  Pouzac.  There  are  also  some 
pegmatitic  veins.  Amongst  the  most  important  points  in  the  memoir 
are  those  connected  with  the  contact  alteration  of  the  rock :  at  places 
the  normal  structure  is  retained  at  the  junction,  but  in  other  cases 
the  rock  is  profoundly  altered  for  a  distance  of  some  metres ;  the 
variations  afford  a  complete  transition  from  the  granitic  (grenu)  to 
the  trachytic  types  of  structure,  i.e.  from  the  normal  syenite  to  the 
"  microsyenite  " — a  term  he  proposes  owing  to  the  analogy  between 
this  rock  and  the  microgranites.  The  large  dyke  gives  off  small 
branches  which  traverse  the  limestone,  and  these  are  often  composed 
of  many  alternating  zones  of  the  granitic  and  trachytic  rocks.  These 
dykes  further  lead  to  the  mica  porphy rites ;  the  sodalite  and  nepheline 
are  absent  either  owing  to  original  poverty  in  soda,  or  to  the  greater 
infliience  of  the  endoraorphio  alterations  on  these  thinner  veins. 
The  extent  of  the  alteration  of  the  limestone  at  the  contact  varies 
greatly ;  the  minerals  developed  in  the  limestone  are  diopside, 
wollastonite,  garnet,  perowskite,  and  more  rarely  biotite,  sphene, 
zircon,  and  felspars.  The  junction  is  sometimes  marked  by  a  band 
of  cancrinite ;  but  when  the  felspar  is  abundant,  a  zone  occurs  which 
may  belong  to  either  the  eruptive  or  raetamorphio  rock. 

The  memoir  is  illustrated  by  twenty-six  figures  of  rock-sections, 
wliile  the  great  range  in  the  variations  of  the  rocks  is  further  well 
brought  out  by  the  abundant  use  of  M.  Michel-Levy's  formulsd. 
M.  Lacroix,  it.  is  interesting  to  note,  rejects  at  the  outset  the  use  of 
the  term  elsBolite  syenite,  and  he  lays  special  stress  in  his  concluding 
paragraph  on  the  identity  in  structure  and  mineralogioal  composition 
of  rocks  of  Silurian  age  in  Canada  with  those  intrusive  in  the 
Cretaceous  Limestone  of  the  Pyrenees.  J.  W.  Q. 

IV. — Phenomena  op  the  Glacial  Epoch.  Part  II.  The  Oreat 
Submergence.  By  Ddgald  Bell.  Trans.  Qeol.  Soc.  Glasgow, 
Vol.  IX.  pp.  100-138. 

BY  this  Memoir  the  author  has  added  another  name  to  the 
growing  list  of  papers  written  in  opposition  to  the  supposed 
glacial  submergence  of  England  and  Wales  to  the  depth  of  over 
1300  feet.  He  summarizes  all  the  evidence  in  favour  of  this  view, 
and  then  subjects  it  to  a  careful  examination,  with  the  result  of 
dismissing  it  as  absolutely  valueless.  A  submergence  of  500  feet 
is  admitted,  but  this  the  author  attributes  to  the  elevation  of  the  sea- 
level  by  the  attraction  of  the  polar  ice-cap  heaping  up  the  water  in 
the  northern  latitudes.  3  »^K « Qi« 


etcs—SMihitig's  Li/e  of  Daritl  Boheition. 
:b  E  "V  I  s  "W"  s. 

BAUST   Of  CrMBBAK.     A  Trub  Story:    Being  tbb 
,v[D  RoBBKTsoN.     B.v  tlifl  Rev.  Tliomas  R.  E.  Stebbiog. 
..  pp.  398.      (Kegftn  Paul,  Troucli,  Triibner  &  Co., 
91.) 

iiTSON   ia  well    known   to   geologists    through   his 
?s  on  tlie  Ostracoda  and  Forftmioifpra  of  the  later 
iHternary  deposita ;  and  in  these  stiidiea  be  has  beea 
1  Dr.  G.  S.  Brady  and    the    Rev.  H.  W.    Crosskey. 
tns  of  these  minute  orKanisins  have  likewiRe  engaged 
tention,  and  in   the  course  of  dredging  inveBligations 
ea  around  the  British  isles,  he  has  added  largely  to 

B  is  given  by  Mr.  Stabbing  in  the  volume  before  us, 
Mr.  KobertBon  is  still  enjoying  the  fruits  of  a  well- 
being  in  his  65th  year,  bis  work  is  practically  accom- 
1  apology  is  needed  for  the  publication  of  the  book, 
imhie  sphere  of  life,  and  losing  his  father  when  quite 
■id  HoberlBcin   was  supported  in  early  years  by  the 

mother,  and  under  these  circumstances  he  received 
gular  Bohooling  between  the  ages  of  7  and  8.     Then 
loyment  on  n  farm  in  Lanarkshire,  and  for  soma  years, 

masterB,  he  wns  engaged  chiefly  in  ngricullural  work, 
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ohision  tLat  business  offered  him  better  obanoes  of  making  an  income 
than  the  work  of  a  doctor.  His  friends,  as  well  as  the  College 
authorities,  now  urged  him  to  proceed  with  his  medical  work ;  but 
he  had  made  up  his  mind.  He  married  and  set  up  in  business,  with 
seven  pounds  in  hand  to  furnish  his  house  and  stock  his  shop.  Right 
well  he  and  his  wife  succeeded,  so  that  the  business  steadily  increased. 
He  made  journeys  to  the  Potteries  and  to  Hamburgh  so  as  to  buy 
direct  from  the  manufacturers,  and  by  dint  of  hard  work  succeeded 
hy  the  year  1860  in  accumulating  a  sufficient  fortune  to  retire  in 
comfort 

As  early  as  1837,  however,  Mr.  Robertson  began  his  natural 
history  studies.  *' Between  the  years  1850  and  1860  natural  history 
pursuits  and  business  occupations  overlapped  one  another,  but  the 
true  naturalist  *  has  no  time  for  money-making,'  and  accordingly 
the  time  came  when  science  extinguished  commerce." 

He  then  obtained  a  house  known  as  Fern  Bank,  at  Millport  in 
Great  Cumhrae,  an  island  in  tlie  Firth  of  Clyde.  To  this  island  he 
had  frequently  gone  for  relaxation  in  previous  years,  and  although 
he  continued  to  reside  for  some  years  principally  at  Glasgow,  yet 
since  1886  the  little  island  has  been  the  permanent  home  of  the 
Naturalist. 

Rather  more  than  half  the  volume  is  devoted  to  an  account  of 
Mr.  Robertson's  scientific  labours,  of  his  dredging  explorations,  and 
of  the  Naturalists  with  whom  he  became  associated  ;  amongst  whom 
Dr.  Harvey,  Dr.  Baird,  the  Rev.  A.  M.  Norman,  Dr.  Gwyn  Jeffreys, 
Dr.  Dohrn,  and  others.  There  are  reminiscences  of  Thomas  Edward, 
whose  history,  as  Mr.  Stebbing  remarks,  tends  "to  cast  something 
of  a  sombre  gloom  over  scientific  pursuits."  He  adds,  **  It  is  well 
that  it  should  be  seen  that  there  is  no  necessary  connexion  between 
an  intense  love  of  nature  and  a  deplorable  condition  of  a  man's 
private  affairs."  Mr.  Robertson,  however,  was  evidently  too  much 
of  a  business  man  to  neglect  trade  in  the  pursuit  of  his  hobbies,  and 
after  successfully  fighting  the  battle  of  life,  he  has  done  excellent 
service  in  the  cause  of  science.  H.  B.  W. 


n. — The  Pkrtsomio  Plates  of  the  Crinoids.  By  Charles  Wachs- 
muth and  Frank  Springer.  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1890,  Part  III.  pp.  345-392,  Pis.  IX.  X.  (February,  1891). 

1)HIS  paper,  although  in  the  importance  of  the  facts  which  it 
makes  known  it  can  hardly  rank  with  the  same  authors'  recent 
paper  on  the  ventral  structure  of  Taxocrinus  and  HaplocrinuSy^  will 
nevertheless  mark  an  important  advance  in  the  history  of  Crinoid 
Morphology. 

The  authors  divide  the  skeletal  elements  of  a  Crinoid  into  primary 
and  secondary.  Primary  elements  include  (a)  the  Abactinal  plates, 
developed  on  the  right  antimere  and  connected  with  the  axial 
nerve-cords,  viz.  stem-ossicles,  infrabasals,  basals,  radials,  and  all 

*  **  DiscoTery  of  the  ventral  structure  of  Taxocrinus  and  Haplocrinua^  and  con- 
sequent modifications  in  the  classification  of  the  Crinoidea,*'  Proc.  Acad.  Nat.  Sci. 
Philadelphia,  18S8,  part  iii.  pp.  337-363,  pi.  xviii.  (February,  1889). 


■S — Wachsmitth  and  Springer— On  Crinoids. 

(b)  the  Actinal  plates,  developed  on  tlio  left  antimere 
with  the  mouth,  viz,  orals  and   all    plftt«s    of  the 
he  secondary  or  mpplemeniary  elements  are  all  tlie 
erbrachial  and  ioterambukcral  plates,  including  the 
1  iilntes  of  the  tube  or  »ao.    These  apparently  are  what 
iaomic,"  although  the  term  would  seem  legitimately 
y  to  plates  tbat,  one  way  or  another,  form  part  of 

wever.  in  no  way  does  jastice  to  the  contents  of  the 
le  authors  discuss  the  homologies  first  of    the  plates 
iurface  generally,  secondly  of  the  anal  plates;  and  as 
:  important  ones,  they  treat  of  the  interradial  plates 

OyathoorinidtB, 

invB  regarded  the  queation  in  a  purely  morphological 
ing  doubted  the  eiistence,  at  least  in  many  cases,  of 
which  was  meant  that  outer  roof  of  platt-a  suppoaed, 
a,  to  conceal  another  integument,  often  plated,  homo- 
le  BO-oalled  "disk:"  of  an  Anledon.     Thus  Dr.  P.  H. 
Jiis  '•  Challenger "  Heport  on  the   Stalked   Crinoids 
igh  he  Etill  allowed  a  "  vault "  to  the  AotinocrinidEe, 
It  it  for  the  ReteocrinidsB,  Ichthyocrinidw,  and  most 
'iniJiC      Tlie  admission  of  Messrs.  Wachemuth  and 
ision  III.)  that  the  calyx  interradiak  were  continuous 
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ambulacral  plates  naturally  came  into  the  tegmen.     The  plates  of 
the  tegmen  were  at  first  small  and  yielding,  as  in  the  Ichthyocrinido 
and  in  most  recent  Crinoids ;  in  this  state  when  the  arms  are  open 
the  ventral  surface  is  depressed,  when  they  are  closed  it  bulges 
upwanls.     To  afford  better  protection  to  the  visoera  the  tegmiual 
plates  became  more  solid ;  the  tegmen  being  thus  less  flexible  was 
fixed   perforce  in  its  protruded   state.     The  covering-platea  of  the 
ambulacra  had  perhaps  been   closed  from  the  beginning,  but  as, 
through  the  upswelling  of  the  tegmen,  they  were  now  more  exposed, 
further  protection  was  needed.     Consequently  they  were  lowered 
beneath  the  surface  and,  starting  from  the  solid  orals,  interambu- 
lacral  plates  closed  in  over  them.     Certain  of  the  covering-plates 
however,  especially,  it  would   appear,  the  axillary   pieces,  which 
perhaps  could  not  so  easily  be  covered  by   other  plates,   became 
much  stouter  and  were  still  exposed  on  the  surface  as  solid  radial 
dome  plates.     In  any  form  highly  developed  along  these  lines,  e.g. 
BatoertHtiB,  the  food-grooves,  water-vessels  and   blood-vessels  are 
sunk  right  beneath  the  tegmen  and  are  enclosed  in  a  tube  consisting 
of  alternating  ambulacral  or  covering  plates  above  and  adambulacral 
or  side  plates  below.    The  interambulacral  plates  of  the  tegmen 
send  curious  extensions  into  the  interior  of  the  calyx,  and  these 
extensions,  spreading  out,  form  what  was  formerly  supposed  to  be  a 
disk.     We  may,  with  Messrs.  Wachsmuth  and  Springer,  regard  the 
extensions  as  caused  by  the  perforation  of  the  plates  for  water- 
canals  ;  or  we  may  regard  them  &»  simple  processes  for  the  purpose  of 
adding  strength,  witliout  forgoing  lightness,  by  a  system  of  girders. 
In  the  Inadunata  Fistulata  the  dorsal  cup  never  extended  beyond 
the  radials,  and  the  tegmen  was  not  developed  to  the  same  extent  as 
in  the  Camerata.     The  orals  did  not,  however,  always  persist  in  the 
simple  stage  in  which  they  occur  in  the  Larviformia ;  in  many  cases 
they  were,  in  the  opinion  of  the  authors,  entirely  resorbed,  while 
their  places  were  taken  '*by  large  covering  plates,  of  which  the 
proximal  ones  joined  in  the  center."     Ambulacral  and  sometimes  a 
small  number  of  interambulacral  plates  occur  in  the  tegmen  of  the 
CyathocrinidsB ;    besides  there   are  four  large  plates,   one  in  each 
interradius  except  the  posterior,  which  rest  against  the  radials,  meet 
laterally  beneath  the  ambulacra,  and  may  be  covered  to  a  varying 
extent  by  small  interambulacral  plates.     In  the  posterior  iuterradius 
there  lies,  between  the  ventral  sac  and  the  mouth,  a  plate  often  very 
similar  in  shape  and  position  to  these  four.     This  plate  is  stated  by 
our  authors  to  he  '*  profusely  perforated  "  in  various  Lower  Carbon- 
iferous Cyathocrinidas,  and  they  state  that  on  either  side  of  it  lies 
a  small  narrow  plate  which  meets  the  large  plate  of  the  adjacent 
iuterradius  beneath  the  ambulacrum.     These  two  narrow  plates  are 
quite  new  discoveries.     Once  upon  a  time  the  five  large  plates  were 
considered  to  be  orals,  a  view  subsequently  abandoned  by  Wachsmuth 
and  Springer  and  P.    H.  Carpenter  owing  to  the  passage  of  the 
ambulacra  over  and  not  between  the  edges  of  the  plates.  Wachsmuth 
and  Springer  have  since  then  regarded  them  as  interradials ;  this 
view  they  now  drop  because  the  plates  **  support  the  ambulacra  and 


^^^I^^^^H 
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■  perisome."  and  becanse  in  Ibo  posterior  interradios 
t  on  llie  epecial  aoal  plale.  They  now  believe  ihst 
d  plate  is  a  true  aoambulacral  plate,  analogous  with 

limestone  particles  at  tbe  disk  of  recent  Crinoids," 
wo  narrow  plates  and  "  possibly  rIbo  ibe  four  larger 
r  in  part,  are  suliumbulacral  plates." 

absolutely  new  and,  if  proved,  of  great  importaoce; 
iscussiim  is  beyond  tbe  limila  of  a  review,  but  we 
from  a  few  remarks.  What  do  the  autbors  mean  by 
kt  plates"?  Tbe  term  was  pro|)osed  by  Job.  Miiller 
eries  of  median  plates  lying  beueatb  the  food-groove 

atleria.    and    tberefore  radial    in  position  like  the 

in  position,  and  only  iheir  edges  are  immediately 
od-groove.     This  difficulty  must  have  l>een  seen  by 

Mr  position  by  the  suggeslion  that  these  plalea  are 
ith    the  deltoids  of  Blastoidea.  and    that    they  each 
edian  interradial  plate  fused  with  two  lateral  plules 
the   ambulacra.      Not   only    is    this,   as    they   admit, 
1  hjpodiesis,  but  if  proven,  while  it  would  leave  an 
lion   still   to   be  accounted    for,   would   not  make  the 
B  one  whit  the  more  aubambulacral,  although  they 
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plate  is  present  in  Ewpiroerinua  aptraliB,  though  they  speak  as  if 
it  were  absent ;  on  the  other  hand  they  state  that  the  ventral  tube 
of  that  speoies  is  ''profusely  perforated."  Now  in  1879  they  said 
of  it,  "  Pores  have  not  been  observed  "  (Revision  I.  p.  143) ;  their 
present  drawings  show  no  pores;  in  the  type-specimens  pores  are 
not  evident.    On  what  grounds  then  are  we  to  accept  this  assertion  ? 

Here  we  may  also  note  an  account  of  the  anus  in  the  Gyatho- 
crinidsa  differing  from  any  previously  given ;  and  a  repetition  of 
their  former  statement  as  to  its  position  in  the  PoteriocrinidsB ;  but 
of  proof  or  illustrations  never  a  scrap.  Messrs.  Wachsmuth  and 
Springer  should  remember  that,  in  scientific  treatises  at  all  events, 
neither  inspiration  nor  authority  can  supply  the  place  of  evidence 
and  argument. 

The  latter  half  of  the  paper  deals  with  the  anal  plates.  These 
are  not  regarded  as  homologous  with  the  interradials,  but  are  more 
sapplementary  still,  being  *'  introduced  as  the  case  required."  They 
are  also  distinguished  from  the  plates  of  the  ventral  sac  or  anal  tube, 
a  difference  of  terminology  that  occasionally  seems  to  make  the 
authors  think  that  there  is  also  some  difference  in  morphology. 
However,  since  this  idea  materially  simplifies  all  discussion  as  to 
homology  and  at  once  puts  some  recent  speculations  out  of  court, 
one  cannot  blame  the  authors  for  adopting  it.  It  should,  however, 
be  noted  that  to  regard  the  special  anal  plate  of  the  Fistulata  as 
a  purely  supplementary  piece,  and  to  suppose  that  the  additional 
anal  plate  in  such  forms  as  Poteriocrinvs  is  a  fresh  introduction,  are 
ideas  wholly  different  to  any  previously  advocated  by  these  writers. 
They  have  also  considerably  changed  their  views  with  regard  to 
Baerocrtnua.  Much  of  this  half  of  the  paper  is  however  unavoidably 
controversial,  and  will  be  more  fittingly  discussed  in  another  place. 

llie  first  half  of  the  paper  is  also  controversial  in  tone,  although, 
lince  their  own  errors  were  the  greater,  the  authors  might  well  have 
left  Dr.  P.  H.  Carpenter  alone.  They  have,  we  suppose,  got  so 
accustomed  to  sparring  with  him  that  they  like  to  keep  it  up  if  only 
for  exercise.  This  however  hardly  excuses  the  gloveless  way  in 
which  they  handle  him  ;  while  their  occasional  distortions  of  his 
words  are  rather  like  hits  below  the  belt.  Thus  on  p.  350  they  say  : 
"The  ventral  pavement  of  an  Actinoerinus  he  calls  'a  structure  sui 
generis,'  i.e.  different  from  that  of  a  Flatycrinus."  Dr.  Carpenter's 
words  (Chall.  Rep.  Stalked  Crin.  p.  167)  are  these:  *«The  solid 
vault  of  an  Actinoerinus  is  a  structure  sui  generis^  unless,  as  I  believe, 
its  proximal  ring  of  interradial  plates  is  represented  by  the  orals  of 
a  Neocrinoid,"  i.e.  it  is  not  a  structure  sui  generis ;  and  Carpenter's 
homology  of  the  proximal  interradials  is  the  very  one  now  adopted 
by  his  critics  1  Again  (op.  cit.  p.  178)  Dr.  Carpenter  says:  **The 
peripheral  portion  of  the  vault  of  Platycrinus,  i.e.  the  zone  between 
the  proximal  dome  plates  in  the  centre  and  the  calyx  interradials, 
is  comparatively  small ;  and  its  interradial  spaces  are  'occupied  by 
three— rarely  five — plates  .  .  .  resting  upon  the  interradial  of  the 
calyx.'  This  series  of  four  or  six  interradials,  taken  all  together,  .  .  . 
corresponds  generally  to  the  single  large  interradial  of  Cyathocrinus 
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wlong  to  the  same  system  of  interraiiinl  plat#a.    .  .  . 
'8  thnf  the  first  mterradial  [of  the  Plalycriniiise]  is 
the  outer  inlerradial  plate  of  Coceoeriuxu'  in  which 
'."     Now  see  how  these  plain  words  ate  transmogri- 
of  the  present  paper:— "He  regards  (p.  178)  tlia 
tion    of   the   ■■viiiilt,'   by   which   he   means   the   zona 
railed   summit   plates  and   the  radials,  as  generally 
to   the   lar^!0   iiiterrodial  of   Cyaihoctiaut,  and   to  the 
at  of  Coceocrimia."     We  draw  partiuukr  attention  to 
entatiotiB.  not  becanse  we  nuppose  for  a  moment  that 
onal,  but  in  order  that  readers  of  Messrs.  Wachsmmh 
lay  not  trust  too  lightly  either  to  their  citations  or  to 

deed  that  what  was  correct  in  the  writings  of  Dr. 
to  mention  others,  might  have  been  more  graciously 
and  we  would  distinctly  reprehend  the  omission  of 
Dr.  M.  Neumavr'B  explanation  of  the  vault  in  tho 
h  appeared  in  Die  Stiimroe  des  Thieireichee  (1889), 
ntifiliy  the  same  as  that  now  put  forward  by  Messrs. 
d   Springer.      Much,   however,   may   be   pardoned  in 
if  the  extreme  inlerest  of  the  present  paper,  which, 
1  the  final  nail  into  the  coffin  of  ihe  "Palffioorinoidea," 
■f  muny  a  vigomns  disciisoion  in  the  near  future, 
e  illiiHirntiona  to  this  paper  are  by  two  well-known 
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enormous  amount  of  evidence  bearing  on  the  question  of  the  later 
Tertiary  earth-movements  in  Holland.  He  has  shown  that  there 
has  been  extensive,  though  perhaps  intermittent,  subsidence  in  this 
area  during  the  Pliooene  and  Pleistocene  period ;  he  now  attetnpts 
to  demonstrate  that  this  movement  has  continued,  intermittently  and 
irregularly,  since  the  period  of  the  Roman  occupation,  and  probably 
down  to  Uie  present  day. 

The  most  interesting  part  of  this  Memoir  to  the  English  reader 
probably  will  be  that  treating  of  the  changes  of  the  level  which 
have  taken  place  since  the  Roman  period ;  for  though  much  of  the 
evidence  has  long  been  published,  it  has  been  so  scattered  that  one 
is  now  startled  to  find  what  a  strong  case  can  be  made  out  for  the 
continuity  of  the  movements  of  subsidence.  Of  course  Dr.  Lori6 
takes  into  account  the  subsidence  caused  by  the  slow  compression  of 
the  peats  and  days,  as  the  organic  matter  decays  and  the  water 
is  squeezed  out  But  making  every  allowance  for  this,  there  still 
remains,  according  to  Dr.  Lorie,  a  considerable  amount  of  subsidence 
unaccounted  for.  It  may  be  well,  however,  to  point  out  that  no  one 
case  of  Post-Roman  subsidence  in  Holland  appears  to  be  conclusively 
proved ;  for  the  absence  of  any  solid  foundations  for  either  ancient 
or  modem  buildings  leaves  it  open  for  any  one  to  suggest  bad 
foundations  as  the  cause  of  the  present  low  position  of  the  remains. 
It  is  the  cumulative  force  of  the  evidence,  all  pointing  in  one 
direction,  that  makes  the  case  so  strong,  especially  when  the  Pliocene 
and  Pleistocene  subsidence  to  the  extent  of  at  least  1100  feet  is 
taken  into  account. 

Among  the  Roman  remains  found  in  Holland  below  the  sea-level, 
the  fortress  of  Brittenburg  ("  Arx  Brittaniad  ")  was  perhaps  the  most 
interesting.  The  ruins  were  visible  at  exoeptiooally  low  tides  during 
the  sixteenth,  seventeenth  and  eighteenth  centuries,  but  have  now 
been  entirely  destroyed.  They  showed,  according  to  Dr.  Lorie,  a 
sinking  of  at  least  three  metres  since  the  third  century.  Another 
ruin — the  temple  of  Nehalennia  in  Zealand — was  considered  by 
Laveleye  to  have  subsided  six  or  seven  metres  since  it  was  built. 
When  last  seen  the  floor  was  at  the  level  of  low  water,  and  Laveleye 
concluded  that  originally  it  must  have  been  above  the  level  of  the 
highest  tides. 

Oaken  planks  of  prehistoric  date  have  been  found  beneath  the 
peat  at  a  depth  of  thirteen  feet  below  mean  tide,  and  traces  of  an 
inhabited  land  surface  with  egg-shells  and  cut  wood  at  sixteen  feet 
below  the  surface.  By  these  one  is  reminded  of  the  traces  of  a  fire 
found  in  a  submerged  forest  at  low-water  level  in  some  excavations 
for  docks  at  Hull.  Belonging  to  a  still  older  period  we  find 
abundance  of  submerged  forests  and  peat  mosses  at  depths  ranging 
to  fifty  feet  or  more  below  the  sea.  Much  of  the  remainder  of  the 
Memoir  is  devoted  to  minute  measurements  of  the  amount  of  sub- 
f^idence  which  has  taken  place  since  the  date  of  the  first  accurate 
surveys.  Other  portions  deal  with  the  origin  of  the  inland  sand- 
dunes,  and  with  the  peat  mosses.  C.  R. 
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'  Flikthbirk.      By  G.  H.   Mobtoh,   F.G.S-,  elo. 
pition.     Pp.  2S7.     (George  Philip  aud  Son,  London, 

leiglit-and-twenty  years  have  elapsed  Bince  the  foi-mer 

if  ibis  work  was  published.     During;  the  interval  Mr, 

3iired  with  great  enthnsiaam  aad  with  much  paticnoe 

lit  lie  within  a  distance  of  about  twenty  mile^  from 

e  now  ^ives  a  particular  acooant    of  the   Carbun- 

I  to  our   knowledge  of  which,   and   especially  of  Ibe 

of  Flintsbire,  he  has  largely  added.     This 

Iprobably   the  most  attractive  formation  within  easy 

'  e  palteontology  of  its  several  subdivisioDS 

lully  worked  out  by  Mr.  Morton.     The  Cefn-y-Fedw 

"  8  the  Carboniferous  Limestone,  and  probably  repre- 

^^dale  Series  and    Millstone  Grit  of  other  districts. 

i  Iheir  subdivisions,  together  with  the  overlying  Coai- 

^orth  Wales  and    South-west    Lancashire,   are   duly 

occur  in  some  localities  near  Liverpool; 

1  of  the  area  to  which  refereneo  is  made,  where  the 

'n   only   from   the  evidence   olitained   by   shafts  and 

i  a  considerable  difficulty  in  dislinguiahing  between 

iBedH, 
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answered.  The  Glacial  deposits  and  the  Olacial  strisd  nre  fully 
described,  as  well  as  the  Post-Qlacial  Peat  and  Forest-beds,  and 
other  Recent  deposits ;  and  the  author  oonclades  with  some  brief 
remarks  on  the  Origin  of  the  Mersey. 

The  labours  of  other  geologists  have  received  attention,  references 
being  made  more  especially  to  the  papers  by  Prof.  Hull,  Dr.  Ricketts, 
Mr.  Mellard  Reade,  Mr.  G.  E.  De  Ranee,  and  Mr.  A.  Strahan.  No 
reference,  however,  is  made  to  Mr.  Mellard  Reade's  paper  on  the 
Physiography  of  the  Lower  Trias  (Qbol.  Mao.  1889,  p.  649)  ; 
possibly  his  views  on  this  subject  were  considered  too  heterodox  to 
be  mentioned.  The  author,  moreover,  has  received  special  help  in 
some  instances,  Mr.  R.  Kidston  having  furnished  a  valuable  list  of 
fossil  plants  from  the  Coal-measures  of  Ravenhead,  near  St  Helens ; 
and  Mr.  J.  G.  Goodchild  having  contributed  notes  on  some  of  the 
rocks  found  in  the  Glacial  Drifts.  Combining  as  it  does  the  results 
of  long-continued  personal  observation,  Mr.  Morton's  book  furnishes 
an  authoritative  guide  to  the  student,  and  will  be  of  essential  service 
to  all  geologists  who  seek  acquaintance  with  the  geology  of  the 
country  around  Liverpool.  H.  B.  W. 

y. — Thr  Triassio  Rooks  op  West  Sombrsbt,  and  the  Devonian 
Rocks  on  their  Borders.  By  W.  A.  E.  Ussher.  Proo. 
Somerset  Arch,  and  Nat.  Hist.  Soc.  Vol.  XXXV.  for  1889.    (1890.) 

IN  this  paper  Mr.  Ussher  sums  up  the  results  of  his  observations 
on  the  Devonian  rocks  of  the  Quantock  and  Brendon  Hills, 
and  of  the  neighbourhood  of  Porlock  and  Minehead ;  and  he  gives 
his  latest  views  on  the  Triassic  rocks  that  border  these  old  rocks 
near  Stogumber,  Williton,  and  Porlock.  The  sandstones,  breccias, 
conglomerates  and  marls  of  the  New  Red  Sandstone  series,  are  all 
grouped  with  the  Trias ;  but  some  changes  have  been  made  by  Mr. 
Ussher  in  his  grouping  of  beds  at  particular  localities.  Thus  he 
now  recognizes  no  divisions  older  than  the  Keuper,  among  the  New 
Red  rocks  west  of  Williton,  and  believes  that  the  coarser  beds  of 
the  Keuper  were  accumulated  higher  and  higher  in  the  series  in 
that  region,  progressive  subsidence  having  led  to  the  continuation 
of  marginal  deposition. 

With  regard  to  the  Devonian  rocks,  Mr.  Ussher  publishes  a  table 
to  show  their  general  classification,  and  the  correlation  of  the  sub- 
divisions in  North  and  South  Devon  with  those  of  Germany,  France, 
and  Belgium.  In  West  Somerset  and  North  Devon  there  is  a 
much  greater  development  of  sandstones  than  in  South  Devon,  for 
the  Cockington  Sandstones  of  the  Torquay  district,  at  one  time 
regarded  as  Upper  Devonian,  are  now  placed  (together  with  the 
Lincomljc  and  Warberry  Grits)  on  the  horizon  of  the  Hangman 
Grits  of  North  Devon.  It  has  been  suggested  that  in  North  Devon 
the  Foreland  Grits  and  Hangman  Grits,  which  are  of  similar  general 
character,  are  the  same.  Mr.  Ussher  shows  by  diagram  that  this 
may  possibly  be  the  case :  but  he  gives  various  reasons,  %M^^\ft\i\., 
in  his  opinion,  to  negative  the  supposition  t\\at  l\\ft>f  «t^  V^etvWcal, 
Tie  Pickwell  Down  Sandatoixea,  that  were  at  on©  time  gcowj^^  V\VJcl 
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I  Sandatonen,  are  now  placed  alongside  the  Chudleigh 
the  Frasnian  Beds.  The  Morte  Slates  are  left  iu 
tion  between  Upper  and  Middle  Devotiian. 
rooght  forward  have  reference  mainly  to  the  dii- 
e  Severn)  JiviiiiunB  and  lo  the  faults  and  flexures  to 
ive  heen  Huhjpcled ;    awl  ihej  are  illustrated  by  an 

geological  map. 
gives  an  interesting  acconnt  of  his  discoveries  of 
ower  Devonian  rooks  of  South  Devon,  and  hopes  that 
be  stirred  up  to  look  for  organic  remains  in  the 
of  North  Devon.  The  Hangman  Grits  have  yielded 
i/aliua:  in  the  Foreland  Grits  no  fossils  have  yet 
The  Morte  Slates,  regarded  as  unfoBniiiferous,  have 
n  Liitguln  to  Dr.  Hicks,  so  Ihat  there  is  hope  for 
have  the  patience  to  spend  hours  on  rocks  that 
barren,  instead  of  devoting  their  energiea  to  more 
that  are  known  to  he  fossil iferuus.  H,  B.  W. 


|op  Expr/iBATioN  OK  THE  Glacial  Lakk  Agassis  in 
By  Wahhkn   Upham.     Ann.   Kept.   Geol.  and  Nat. 
.  Canada,  Vol.   IV.   Part  E.     Pp.  15*>,  2   Maps,  and 
JctioUB.     (Montreal,  1890.) 

by  the   late   Pri.f.    J.   Curvill    Lewis   that  the 
■  Eastern  counties  was  formed  in  a  great 
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pari  were  being  deposited,  the  northern  part  was  still  covered  by 
the  ioe,  and  before  this  district  was  submer^C^  the  opening  of  the 
northern  outlets  bad  so  lowered  the  water-level  that  the  southern 
shore  hmd  followed  the  ioe  to  the  north.  With  the  final  disappear- 
ance of  the  !ce-sheet»  Lake  A^j^assiz  was  reduced  to  a  series  of 
scattered  lakes,  of  which  Lake  Winnipeg  is  the  largest.  • 

The  ordinary  Olacial  drifts  of  the  district  are  attributed  to  the 
action  of  land- ice,  as  there  is  no  sign  of  any  transport  in  or  assort- 
ment by  water.  The  maximum  thickness  is  250  feet;  the  lower 
part  is  very  bard  and  tough,  but  the  upper  beds  are  fairly  loose  and 
can  be  dug.  The  author  attributes  the  difference  to  the  former 
having  been  subjected  to  the  enormous  pressure  of  the  weight  of 
the  ice-sheet,  while  the  latter  was  merely  dropped  during  the 
melting  of  ice.  There  are  many  boulders  mainly  of  the  ArchasaU' 
rocks  from  the  N.  and  N.E. ;  the  largest  is  22  ft  by  Bft  by  UfL. 
Strias  are  well  preserved  and  their  directions  are  given  in  an 
appendix.  The  more  especially  lacustrine  deposits  include  a  series 
of  sixteen  beaches ;  these  are  from  25  to  SO  n>ds  in  width,  and  rise' 
from  3  feet  to  10  feet  on  the  shore  side,  and  from  10  feet  to  20  feet 
on  the  lake  side.  There  are  also  a  number  of  deltas  and  kames  andj 
osars  :  the  author  uses  the  two  last  terms  as  defined  by  McQee  and 
Chamberlin ;  he  applies  "osars"  to  the  drifts  formed  in  the  river- 
oourses,  and  **  kames "  to  the  irregular  deposits  dropped  where  tho 
rivers  have  emerged  from  between  their  ice-walled  channels  and 
spread  out  over  the  adjoining  lowlands. 

A  few  freshwater  MoIIusoa  of  existing  species  have  been  found, 
and  some  worked  flints  indicate  that  man  lived  on  the  shores  of  the 
lake  before  the  opening  of  the  northern  outlets.  But  the  author^ 
quoting  a  long  series  of  independent  estimates,  considers  that  this 
was  less  than  10,000  years  ago. 

It  is  found  that  the  beaches  ascend  as  they  are  traced  to  the  North, 
the  amount  varying  from  one  to  sixteen  inches  to  the  mile :  he  con- 
cludes— accepting  Mr.  R.  S.  Woodward's  calculations — that  a  quarter 
of  this  was  due  to  the  heaping-up  of  the  water  by  the  attraction  of 
the  northern  ice-sheet  After  a  careful  consideration  of  Chamberlin's 
hypothesis  of  alterations  of  level  being  due  to  contraction  of  the  earth's 
crust  consequent  on  the  lowering  of  the  isogeotherms  by  a  glacial 
climate,  it  is  rejected  as  inadequate,  as  its  influence  would  be  thei 
reverse  of  that  which  has  taken  place  in  the  Lake  Agassiz  area. 

The  memoir  closes  with  a  chapter  on  the  **  Qeologic  and  Agri- 
cultural Resources  "  of  the  district.  It  is  illustrated  by  a  couple  of 
maps  and  a  plate  of  sections ;  but  further  illustrations  will  no  doubt 
he  given  with  the  more  detailed  description  to  be  given  by  the 
author  in  one  of  the  Monographs  of  the  United  States  Geological 
Survey.  The  exploration,  it  should  be  added,  was  undertaken,  on 
behalf  of  the  Geological  Surveys  of  the  United  States  and  Canada; 
both  of  which  may  be  congratulated  upon  an  arrangement  whereby,, 
in  defiance  of  International  Boundaries,  the  whole  work  was  entrusted 
to  one  man,  and  also  upon  having  secured  the  services  of  a  geologi8t 
whom  a  long  training  in  glacial  geology  had  rendered  eApecially 
competent  for  the  task.  3  .N^ .  V^« 
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Practical   Geology.     By  Prof.  Grbsville  A.   J. 

.    8vo.p[i.402.  (Loi.don.CbarleHGriffiniCo.,1891.) 
t  Qrenville  Cole's  "  Aids  "  is  a  work  occupying  an 
isilion  in  geological  literature.     Every  one  trained  in 
3ol  of  Geology  bas  a  vivid  recollection  of  the  numbor- 
>m   whicb   he   waa    comgielled  to   select   the    varioua 
i  of  iiilormatiun.      Ajmrt  from  ordinary  geological 

blowpipe  analysis,  mineralogy,  am]  general  pbysics, 
es  and  memoirs  on  ibe  microscopical  examination  of 
JUS  other  less  important  refei'encefl  too  numerous  to 
was  continually  dependent  upon  the  Professor  lor 

;  and  lie  was  led  most  emphatically  to  realize  the 
onibination  of  scieulitic  methods  that  is  requisite  for 

study  of  a  geological  formation.  The  new  volume 
'Is  all  these  difficnllies,  and  now,  for  the  first  time, 
t)!e  even  for  on  ordinary  amateur  to  gain  an  adequate 
le  subject  up  to  date.  Not  only  is  this  the  case,  but 
)en  pHtbs  for  further  investigation  are  incidentally 
h  Bufficient  references  to  original  memoirs  to  enable 
student  to  proceed  far  in  this  direction. 

throughout  eminently  practical.    Several  guides  to 

Field  Geology  have  ali«ady  appeared,  but  we  have 
so  concise  a  xeries  of  useful  hiuls  ns  to  smalt  matters 
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charaotera  and  Tarieties  of  several  groups — the  coarsely  fragmental, 
ordinary  stratified,  oleaved,  foliated,  and  igneous — being  suooessively 
pointed  ont     The  determination  of  the  specific  gravity,  fusibility, 
and  chemical  composition  of  rocks,  is  next  considered ;   and  an 
important  chapter  on  the  isolation  of  the  constituents  of  rocks  is 
followed  by  a  short  and  practical  discussion  of  the  petrological 
microscope  and  the  preparation  of  rock-sections.     With  the  chapter 
on  the  more  prominent  characters  to  be  observed  in  minerals  in 
rock-sections,  and  the  following  synoptical  remarks  on  the  appearance 
of  thin   sections  of  the  chief  rock-forming  minerals,  the  student 
enters  upon  a  subject  that  requires  long  practice  for  its  adequate 
comprehension;  but  Prof  Cole's  "aids"  are  among  the  most  valuable 
that  have  hitherto  appeared,  including,  indeed,  some  items  that  have 
scarcely  yet  reached  ordinary  handbooks,  and  numerous  notes  in 
special  type  when  there  is  any  possibility  of  doubt  or  misinterpreta- 
tion.     The  sedimentary  rocks,  as  usual,  occupy  a  comparatively 
small  amoont  of  space,  but  all  the  latest  discoveries  relating  to  them 
seem  to  be  duly  incorporated  in  the  synopsis.     The  igneous  rocks 
are  treated  with  remarkable  elaboration,  and  students  will  be  grateful 
to  the  author  for  presenting  so  concise  a  summary  of  the  main  facts 
with  a  comparatively  simple  nomenclature.     As  Prof.  Cole  remarks, 
"petrography   has   of  late   suffered    from   the   introduction  of  an 
abundance  of  new  terras,  and,  what  is  far  worse,  of  old  terms  defined 
in  new  senses ;  but  the  majority  of  these  can  be  avoided  by  the  use 
of  familiar  adjectives  or  mineral  prefixes,  to  the  great  lightening  of 
the  science."      The  Holocrystalline  Igneous  Rocks  are  subdivided 
into  the  six   groups  of   Granite   (with  Eurite),   Syenite,    Quartz- 
Diorite  (with  Quartz- Aphanite),  Diorite  (with  Aphanite),  Olivine- 
Gabbro    (with   Olivine-Dolerite),   and   Peridotite.      The   Lithoidal 
l^eous  Hocks,  with  some  glassy  matter,  are  classified  as  Hhyolites, 
Trachytes,   RhyoUtic    Andesites,    Andesites,    OH  vine- Basalts,  Liin- 
burgites,  and  Hemicrystalline  Nephelinites  (with  Leucitites).     The 
Highly  Glassy  Rocks  comprise  the  Obsidian  and  Tachylyte  Groups. 
In  the  case  of  every  term,  a  reference  to  its  original  definition  is 
given,  with  frequent  notes  upon  subsequent  changes  in  its  meaning ; 
and  a  table  is  added  exhibiting  the  relationships  of  the  various  types, 
BO  far  as  determined. 

The  chapter  on  Metamorphic  Rocks  is  characterized  by  much 
caution  in  alluding  to  theoretical  matters,  and  the  definition  of  the 
limits  within  which  the  term  "  metamorphic  "  is  applicable  is  well 
stated  to  be  a  ''matter  of  opinion."  Prof.  Cole  places  in  this 
category  all  rocks  in  which  new  crystalline  developments,  or  new 
structures,  or  both,  have  arisen  under  the  influence  of  subterranean 
heat,  or  pressure,  or  actual  earth-movement.  He  seems,  moreover, 
to  show  more  sympathy  with  the  original  views  of  "  regional 
metamorphism,"  than  with  the  recent  speculations  of  those  who 
regard  the  Archaean  rocks  as  unique  among  geological  formations. 
In  referring  to  the  so-called  "  true  schists,"  for  example,  he  remarks 
"that  the  alleged  distinction  between  schist-like  rocks  and  schists 
of  Pre-Cambrian  age  requires  such  great  delicacy  of  definition  that 
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pnictioiil  siRnificntion,  covering  all  well-foliated  rocki 
HRe,  wliioh  lall  sLort  of  the  coarser  and  moro  felepathit 

gneisB." 

.  soction  of  the  work  is  devoted  to  tlie  examination  o 
which  are  of  especial  vnlue  for  Htratigrnplucal  ptirpofies 

'bmta  alone  are  troHted.  and  aa  attempt  is  made  to  deGnc 

Ive  woodcut.     This  plan   is  tt  great   improvement   upot 
rioiired  cnBtom  of  reoording  lists  of  names  of  fossils  will 
rlental   allusioTis  to  their  characters,  of  whioh  occaaiona 
supposed  to  give  an  adequate  conception.     The  subject 
80  vast  that  we  doubt  whether  I'mf.  Cole's  brief  outlinft 
iv  oases  sutBc*  for  the  reijuirenienlB  of  an  ordinary  worke 
a  regions,  and  we  trust  that  some  day  the  scheme  ma; 
ilaborated. 

Soult  to  criticize  a  work  of  this  natnre  :  every  specialis 
\n  own  opinion  with  regard  to  the  particular  section  tha 
s  own  line  of  research.     We  are  inclined  to  think,  how 

ion.      In  certain  strata,  for  example,  a  SLii!iciently  accurad 
Dn  of  the  true  dip  can  readily  be  made  by  employing  > 
to  ascertain  the  line  of  strike  and  filing  ihe  clinomele 
eles  to  this,  without  any  of  the  geometrical  construction 
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Barbados  is  an  island  some  21  miles  long  by  11  broad  and  rising 
at  one  point  to  a  height  of  1 104  feet  It  is  situated  at  a  distance  of 
100  miles  from  the  main  chain  of  the  Lesser  Antilles,  from  which  it 
is  separated  bj  a  sea  1500  fathoms  deep.  It  is  composed  entirely  of 
sedimentary  deposits,  no  volcanic  rocks  occurring  on  the  island 
except  a  little  light  dust  and  pumice  which  was  probably  ejected 
from  a  vent  within  a  radius  of  300  miles ;  the  authors,  however, 
suggest  that  the  elevation  may  have  been  due  to  a  laccolite.  The 
absence  of  volcanic  rock  is  a  point  of  importance,  as  we  have  been 
taught  on  high  authority  '*  that  all  the  Lesser  Antilles  almost  with- 
out exception  are  volcanic." 

Tlie  rooks  are  divided  into  four  groups :  the  Scotland  series,  the 
Oceanic  series,  the  Coral  limestones  and  the  valley  deposits  and 
blown  sand.  The  first  consists  of  an  irregular  series  of  sandstones, 
grits,  and  shales,  with  some  bituminous  clays  yielding  petroleum, 
resembling  those  of  Trinidad  and  Venezuela;  the  whole  series  is 
much  contorted,  faulted  and  even  inverted ;  they  are  shown  to  be 
more  than  600  feet  thick,  while  their  base  is  not  seen,  and  they  are 
unconformably  overlain  by  the  succeeding  beds.  Fossils  are  very 
rare  in  this  series,  and  they  are  so  imperfectly  preserved  that  all  the 
authors  can  conclude  is  that  they  have  ''  general  resemblances  to  the 
fossils  in  those  deposits  of  Trinidad  which  are  regarded  as  Miocene  " 
(p.  15). 

The  Oceanic  series  overlie  these  unconformably ;  the  basement 
bed  is  a  hard  blue  limestone,  a  fact  of  very  considerable  importance 
on  the  question  of  the  deep-sea  origin  of  the  succeeding  300  feet  of 
chalky  earths,  limestones,  Radiolarian  marls,  and  red  clays.  The 
evidence  of  both  lithology  and  palssontology  is  conclusive  as  to 
the  deep-sea  nature  of  the  deposits ;  thus  the  Foraminifera  indicate 
a  depth  of  1000  fathoms,  the  Echinoid  of  more  than  1000,  while 
the  Kadiolaria  point  to  still  deeper  conditions.  The  evidence  as 
to  age  is  less  satisfactory:  the  Microzoa  are  of  little  value  in  this 
connexion  ;  while  of  the  higher  fossils  the  only  one  that  has  been 
fully  worked  out  is  a  specimen  of  Oystechinua  crasnuSf  Greg.  The 
authors,  therefore,  merely  quote  the  opinion  of  the  describer  of  this 
fossil,  that  it  was  either  of  Pliocene  or  Pleistocene  age. 

The  Coral  Rocka  form  a  sheet  that  covers  144  out  of  the  166  square 
miles  of  the  island ;  it  is  rarely  more  than  200  feet  thick,  but  it  is 
in  places  as  much  as  260  feet.  The  coral  rock  is  merely  a  rough 
coarse-grained  limestone ;  beds  of  freestone,  a  very  porous  build ing- 
Btone,  locally  known  as  dripstone,  and  some  intensely  hard  compact 
rook  that  forms  good  road-metal,  also  occur.  Much  of  the  coral 
rock  is  formed  of  broken  fragments  of  Corals,  MoIIusca,  and 
KuUipores.  The  base  of  the  series  is  always  of  loose  rubble  or  half- 
consolidated  coral  or  marl.  In  one  of  the  caves  opened  by  the 
Water  Supply  Company,  the  coral  rock  is  seen  to  rest  on  a  mixture 
of  coral  sand  and  material  derived  from  the  siliceous  earth  :  none  of 
the  deposits  that  one  might  expect  to  find  on  Dr.  Murray's  hypothesis 
seem  to  be  present,  as  none  such  are  referred  to.  The  corals  and 
Bliells  examined  show  that  the  whole  series  is  of  Pleistocene  age. 
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■  concluding  chapterB,  one   gives  au  outline  of  the 
iry    of    the   island    from   the  continenlal    oouiiitions 
le  Scotland  eeriea  till  the  recent  elevations ;  a  second 
the  general  configuration  and  drainage,  a  point  of 
in  connesion  with  the  recent  operations  of  the  W'aler 
nj,  under  the  able  guidance  of  Mr.  E.  EaBlon,  O.E., 
troepting  the  underground  water -courses.     The  finni 
1  the  soils  and  surface  deposits  and  contain  an  aooount 

0  products  of  the  inland. 

r   is    certainly  a  most  valuable   contribution    to   our 
the  geology  of  the  Carihbeiin  area;  hut  it  munt  he 
much  as  a  scientitio  monograph  as  a  popular  guide  to 
leological  map  of  the  island.     Its  treatment  of  (be 
leius  inTolved  is  only  preliminary  to  the  series  of 
papers  to  be  puljliahed  elsewhere.     But  the  work  is 

1  interestingly   written,  and  the  points  upon  which 
ce   is  wanted   bo  clearly  indicated,  that  it  ought  lo 
residents  of  Barbados  to  a  more  careful  search  of  the 
id  thus  ennhie  the  authors  to  settle  more  definitely 
Scotland  series,  which  is  the  most  impoitant  problem 
B  solution.                                                         J.  W.  G. 

-North  Amkricas  Cbetacbous  EcBiNomB*. 

I.QUE9  KcHLNiDEs  Du  Tebkain  vjttTict  DO  Hhxiquk. 
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'*  Revision  "  established  a  new  genus,  Lanieria  ;  with  this  course  M. 
Cotteau  fully  agrees.  The  last  species  may  be  of  Teitiary  age,  but 
the  others  are  all  Lower  Cretaceous. 

Mr.  Clark's  "  Revision  *'  contains  a  list  of  the  species  hitherto 
described,  with  short  notes  on  the  synonymy.  The  list  includes  43 
species,  of  which  19  are  new ;  several  old  species  are  merged  as 
synonyms,  and  some  are  abandoned  as  indeterminable.  As  Mr.  Clark 
does  not  accept  Boemer's  genus  Macro ster,  not  one  genus  in  the  list 
is  peculiar  to  America ;  while  none  of  the  species  recorded  are  found 
in  Europe.  Ooniapygus  and  Botriopygus  are  now  added  to  the 
American  fauna,  and  it  is  interesting  to  note  that  the  author  identifies 
one  species  as  a  P»ummeehinu$,  The  paper  is  preliminary  to  a  detailed 
monograph,  and  its  issue  was  a  very  wise  course,  as  in  a  group  in 
which  the  literature  is  so  scattered,  it  was  the  only  means  of  enabling 
the  work  to  be  made  fully  complete.  J.  W.  O. 
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I.— Feb.  26.  1891.— A.  Geikie.  Esq.,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "  A  Contribution  to  the  Geology  of  the  Southern  Transvaal." 
By  W.  H.  Penning,  Esq.,  F.G.S. 

The  following  table  shows  the  author's  classification  of  the 
sedimentary  rocks  of  this  region,  as  compared  with  those  of  Messrs. 
Dann  and  Stow  and  Prof.  Rupert  Jones : — 


Dvsjx,     (Map,  1887.) 
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^amaquakmd  Schists, 
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The  De  Kaap- Valley  Beds  consist  of  schists,  shales,  cherts,  and 
^^rtzites,  with  some  conglomerates,  chloritio  and  steatitio  beds  of 
Rreat  thickness,  faulted,  according  to  the  author,  against  tlie  granite. 
'I'bey  contain  a  few  obscure  Corals,  and  are  provisionally  referred  to 
tbe  Silurian. 
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|«renuid  Series  oonsiBts  chiefly  of  saniJatones,  «ba]e«, 
izjlefl,  bavtng  an  estimaied  thickDeee  of  18,000  feet, 
ID  a  Lollow  of  iLe  granite,  and  perhaps  of  marine 

'er  Series   is  formed  of  shales,  flagstones,  cherts, 

vilh  niinierouB  iuterstraliflpd  trafis.  and  is  at  least 

;k.     Near   its   bsse   is   the    '■  Black    Reef"  and    ■ 

3  that  describe*!  by  the  antbor  in  connexion  wilh 

;  district,  which  confirms  hts  opinion  that  this  area 

linrt  of  the  M^alieeberg  formatioD.     The  base  of  the 

lally  oonrominble  to  the  underlying  rocks.      The  whole 

Baif  of  the  Megsliesberg  tomation  is  let  down  against 

1  of  the  grsnite  south  of  Pretoria. 

I  diviJes  the  formalion  which  he  described  in  1884 

ding  of  Hi^'h-Level  Coalfields  of  South  Africa  into  the 

'     iiid  the  High  Veldt  Beds.     The  former  thin  out 

overlapped  by  tlie  latter,  the  estimated  thickness 

'eet.     A  volcanic  rock  overlies  the  Coal- formation. 

I  of  the  formation  is  a  bed  of  lnoae,  caloareons,  sandy 

iny  waterworn  pebbles,  some  of  large  exxe,  derived 

Irlzites  and  "biinkela"  of  the  unilerijing  formation. 

ivinced  that  the  region  waa  under  glacial  influences 

9  long  period  whicli  intervened  between  tlie 

iliesberg  fornialiou  and  of  the  coal-beariiig 
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maBses  liihologically  Biroilar  to  two  distinct  periods;  and  (3)  the 
ooourrence  of  conglomerates  similar  to  those  which  are  elsewhere 
admitted  to  be  basal  Cambrian.  But  in  addition  to  these  minor 
difficulties,  the  theory  of  a  Mid-Cambrian  age  for  the  above-named 
lava  is  shown  to  be  without  foundation.  It  was  supposed  that  in 
the  Bryn  Efail  quarry  the  slaty  rooks  of  the  district  immediately  to 
the  north  could  be  seen  in  contact  with,  and  altered  by,  this  lava. 
The  author  shows  that  no  slate  occurs  in  the  quarry,  a  diabase 
having  apparently  been  mistaken  for  it,  and  that  there  is  no  grit  in 
the  section  which  would  afford  any  support  to  the  new  theory.  The 
author  concludes  that  the  Llyn  Padam  felsite  is  probably,  as  classed 
by  Dr.  Hicks  and  Prof.  Bonney,  of  pre-Cambrian  age.  As  regards 
the  country  to  the  north,  the  argument  for  the  n\ew  arrangement 
was  based  mainly  on  the  interpretation  of  the  Bryn  Efail  rocks; 
but  as  this  is  seen  to  be  erroneous,  the  section  founded  on  it  does  not 
appear  preferable  in  any  way  to  that  published  by  the  Geological 
Survey. 

3.  "On  a  Labyrinthodont  Skull  from  the  Kilkenny  Coal-measures." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  describes  a  skull  from  Jarrow  Colliery,  which  he 
refers  to  lehthyerpetvm,  and  names  J.  hibernieumt  giving  reasons  for 
its  specific  distinctness  from  J.  (Erpetocephaltia)  rngosumy  Huxley. 
He  compares  it  with  allied  forms,  and  believes  that  it  is  a  mcm))er 
of  the  group  Brachyopina  of  Miall,  and  if  so  that  we  have  a  number 
of  forms  belonging  to  a  type  which  is  unknown  above  the  base  of 
the  Permian  in  Europe,  but  which  survived  to  later  times  in  the 
ludian,  Australian,  and  Ethiopian  regions. 

11.— March  11,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  **  Manod  and  the  Moelwyns."  By  A.  V.  Jennings,  Esq.,  F.L.S., 
F.G.S.,  and  G.  J.  Williams,  Esq.,  F.G.S. 

The  area  described  by  the  authors  is  on  the  N.  side  of  the 
Merionethshiro  anticlinal  of  Lower  Cambrian  rocks,  and  contains 
Linj^ula  flags,  Tremadoc  and  Arenig  rocks.  The  authors  correct  what 
they  think  is  an  inaccuracy  of  some  importance  in  the  correlation 
of  heds  in  different  parts  of  the  range,  as  interpreted  in  the  map 
and  memoir  of  the  Geological  Survey,  and  trace  with  greater  com- 
pleteness the  position  and  constancy  of  the  beds  of  slate  in  the 
Arenig  series — a  point  of  considerable  local  and  practical  importance 
to  those  engaged  in  slate-quarrying.  They  offer  also  what  seems 
to  them  to  be  conclusive  evidence  to  show  the  intrusive  nature 
of  the  great  crystalline  mass  known  as  the  syenite  of  Tan-y-Grisiau, 
and  to  its  intrusion  are  due,  in  their  opinion,  the  peculiar  physical 
characteristics  of  the  surrounding  country.  Though  in  the  immediate 
iieighhourhood  of  Festiniog  there  is  no  direct  evidence  of  unconformity 
between  the  Tremadoc  and  Arenig  series,  it  seems  probable  that  an 
Unconformity  does  exist ;  for  wlien  traced  toward  the  west  the 
Tremadoc  beds  thin  out  and  the  liingula  flags  are  overlain  by 
Graptolite-bearing  slates  of  Arenig  age,  while  eastward,  near  Llyn 


Reports  and  Proceeiiiiiffi — 

ft  cnmes  close  upon  Upper-Lingula  flags.     The  dii-iginii 

p'olcftiiic  rocks  into  Lower  Ashes,  Felstone,  and  Upper 

I  true  of  some  districts  and  useful  as  a  general isaCion, 

~  uniformity  of  strata  all  round  tlie  anticlinal  which 

nination  of  difTerenC  distriL-ta  does  not  support. 

J'lidor  Specimen  of  Eozoon,"     By  J.  W.  Gregory,  Esq. 

■nl  exnminntion  of  all  the  slides  and  figures,  and  after 

n  of   Sir    W.    Dawson's   interpretation,    the   author  is 

')le   to  recognize  in  the  specimen  any  trace  of  the 

"  canal  8,"  or  "stolon  passages"  which  ai-e  claimed 

on,  or  any  reasons  for  regarding  the  calcite  bands  u 

te  skeleton"  of  a  Foramiiiifer.     There  are  points  in 

s  figure  which  might  pass  as  "  stolon  passages,"  bat 

lery  different  in  a  photograph,  and  the  specimen  agrees 

I,  however,  gives  reasiwis  for  concluding  that  the  case 
Brgftnio  origin  of  the  Tiidcr  Bpecinien  does  not  rest  ou 
nee  alone ;  for  though  the  rock  is  nineh  oontoi-ted,  thp 
ind  oleavBge-planes  of  the  calcite  are  not  bent;  aoA 
the  crystalline  hands  cut  across  the  bedding-plauea 
their  secondary  origin. 

I  which  the    specimen    was   found    is    not   "Lowell 
s  included  liy  Messrs.  Selwyn  and  Vennor  in  ib-e 
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He  disonsses  their  relationship  with  other  drifts,  and  arrives  at 
the  following  oonolosions : — 

1.  The  glacial  depoMits  are  divisible  into  Upper  and  Lower 
Boulder  Clay,  with  an  Intermediate  series. 

2.  The  Lower  Clay  is  a  continuation  of  the  Basement  Clay  of 
Holdemess,  and  is  the  product  of  the  first  general  glaciation  of  the 
area,  llie  Intermediate  series  passes  laterally  into  the  Purple  Clays 
of  Ebldemess,  and  has  been  deposited  at  the  edge  of  the  ice-sheet. 
The  Upper  Clay  includes  the  Hessle  Clay  of  HoldernesSy  and  marks 
the  latest  glaciation  of  this  region. 

3.  The  fossiliferous  beds  of  Sewerby  ('' Buried-cliff  Beds")  and 
Speeton  ("Estuarine  shell-bed")  are  older  than  the  Basement  Clay, 
and  therefore  than  the  earliest  glaciation. 

4.  The  glaciation  was  effected  by  land-ice  of  extraneous  origin, 
which  moved  coastwise  down  the  North  Sea,  and  did  not  overflow 
the  greater  part  of  the  Yorkshire  Wolds. 

5.  Neither  the  Boulder  Clays  nor  the  Intermediate  gravels  are  of 
mariDe  origin,  the  shells  which  occur  in  them  being  derivative. 

6.  The  ice-sheet  seems  to  have  filled  the  North  Sea  basin  in  this 
latitude  from  the  commencement  of  the  glaciation  until  its  close. 
There  is  no  clear  evidence  here  for  a  mild  interglacial  period,  but 
ouly  for  extensive  fluctuations  of  the  margin  of  the  ice. 

3.  "On  a  Phosphatic  Chalk  with  BehmniieUa  quadrata  at  Taplow." 
By  A.  Strahan,  Esq.,  M.A.,  F.G.S.  (Communicated  by  permission 
of  the  Director- General  of  the  Geological  Survey.) 

Two  beds  of  brown  chalk  in  an  old  pit  near  Taplow  Court  owe 
their  colour  to  a  multitude  of  brown  grains.  These  grains  are 
almost  entirely  of  organic  origin,  Foraminifera  and  shell-prisms 
forming  the  bulk  of  them.  Mr.  Player  has  analyzed  specimens  of 
the  brown  chalk,  and  finds  that  it  contains  from  16  to  35  per  cent, 
of  phosphate  of  lime.  The  tests  as  well  as  the  contents  of  the  Fora- 
minifera seem  to  have  been  phosphatized,  the  phosphate  appearing 
as  a  translucent  film  in  the  former  case,  and  as  an  opaque  mass  in 
the  latter.  In  the  case  of  the  prisms  of  molluscan  shells,  the  whole 
of  the  phosphate  appears  to  be  in  the  opaque  form.  Minute 
poprolites  also  occur,  together  with  many  small  chips  of  fish-bone. 
|n  which  Dr.  Hinde  has  recognized  lacunar,  while  some  have  been 
Wentified  by  Mr.  E.  T.  Newton  as  portions  of  fish-teeth. 

Mr.  Player  observes  that  the  phosphate  occurs  in  such  a  condition 
tW  it  would  not  improbably  serve  as  a  valuable  fertilizer,  without 
inversion  into  superphosphate.  This  condition  is  probably  due  to 
^l^e  partial  replacement  of  carbonate  of  lime  by  phosphate  in  the 
^^ganisms.  The  removal  of  the  remaining  carbonate  leaves  the 
Phosphate  in  a  honeycombed  state,  peculiarly  favourable  for  attack 
V  the  acids  in  the  soil. 

1'he  author  comments  upon  the  resemblance  of  the  deposit  to  the 
phosphatic  chalk  with  Belemniiella  quadrata  which  is  largely  worked 
^^  Northern  France,  and  upon  a  less  striking  resemblance  with  that 
of  Ciply,  which  is  at  a  higher  horizon. 
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DTKAMIC  METAMOBPHISM  OF  ROCKS. 

Sir, — It  IB  from  no  mere  love  of  oontroversy  that  I  ebould  like 
just  to  lay,  in  reply  to  Mr.  Hutcbings'  query  (Gkol.  Maq.  for  April, 
1891,  p.  168),  that — while  I  am  nnable  to  appreciate  unnecessarily 
realistic  play  apon  a  metaphor  which  is  no  invention  of  mine,  and 
have  no  right  to  quarrel  with  him  if  he  is  still  smitten  with 
the  charms  of  the  fallacy  to  which  I  referred — it  seems  to  roe  that, 
to  apply  the  term  **  dynamic  metamorphism "  to  a  rock  who^e 
internal  structure  shows  no  signs  of  differential  movement  (under 
pressure)  of  its  constituent  particles,  is  only  another  instance,  added 
to  those  with  which  we  are  already  too  familiar  in  petrolo^,  of  the 
abuse  of  technical  language.  Further,  Mr.  Hutcbings  seems  to 
me  to  surrender  the  point  in  the  very  next  paragraph,  if  the  Coal- 
seams,  by  undergoing  compression,  have  acted  as  buffers  to  relieve 
the  fire-clays  of  that  portion  of  the  mechanical  force  which  otherwise 
might  be  expended  upon  them  to  induce  a  deavage-stnicturc.  in 
tliuse  larger  movements,  to  which  the  Coal-measures  of  Northumber- 
land as  a  whole  have  been  subjected.  There  seems  to  be  some 
confusion  between  dynamic  agencies  of  change  in  the  internal 
morphology  of  a  rock  and  what  Prof.  Judd  has  described  as  static 
(Gkol.  Mao.  1889,  Dec.  III.  Vol.  VI.  pp.  243  et  seq.),  the  potenovof 
of  which  I  had  previouKly  recoppiized  in  my  Thesis  (see  Chem.  and 
Fhys,  StudieSy  etc.,  pp.  63-65,  93)  to  the  extent  of  inducing  such 
metamorphic  alteration  in  chemical  compounds  previously  formed  as 
mi^ht  complete  their  individuality  qud  minerals. 

This  being  so,  I  may  be  allowed  to  repeat  my  thanks  to  Mr. 
Hutcbings  for  his  most  valuable  contributions  of  facts,  the  full 
value  and  bearing  of  which  will  perhaps  be  better  seen,  when  the 
present  acute  stage  shall  have  passed  of  that  **  pressure  on  the 
brain,"  under  which  English  petrology  would  seem  at  present  to  be 
Buffering. 

Wellington  Colleob,  Berks,  A.  Irving. 

4th  April,  1891. 
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Discovert  of  Lower  Silurian  Fishes. — At  the  meetins:  of  the 
Biological  Society  of  Washington,  on  February  7th,  1891,  Mr. 
Cbas.  D.  Walcott,  of  the  United  States  Geological  Survey,  announwil 
the  discovery  of  numerous  dermal  plates  apparently  of  fishes  in  a 
formation  believed  to  be  of  Trenton  age,  near  Canon  City,  Colorado. 
Mr.  Walcott  contemplates  presenting  a  full  account  of  the  snbjwt  to 
the  Geological  Society  of  Anieriua  at  their  forthcoming  meeting  in 
Washington  id  August  next. 
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—The  Gigantio  CBRATopsiDiE,   OB  Horned  Dinosaurs,    of 

North  America.* 

(PART  II.,  continued  from  p.  199.) 
By  Prof.  O.  C.  Marsh,  Ph.D.,  LL.D.,  F.G.8.,  etc. 

9B  Scapular  Arch  and  Fore  Limbs. — The  soapala  is  massive, 

cially  below.    The  shaft  is  long  and  narrow,  with  a  thin  edge 

ont,  and  a  thick  posterior  margin  above  the  glenoid  fossa.     The 

I  portion  has  a  median  external  ridge,  and  a  thick  end  (Wood- 

p.  242,  Fig.  l,«c.). 

be  ooracoid  is  rather  small,  and  in  old  individuals  may  become 

sd  to  the  scapula.    It  is  sub-rhombic  in  outline,  and  is  perforated 

.  large  and  well-defined  foramen.     No  indications  of  a  sternum 

)  yet  been  found  in  this  group  (Woodcut,  Fig.  1,  cr,), 

be  humerus  (Fig.  2)    is  large  and  robust,  and  similar  in  form 

bat  of  Stegosaurus,     It  is  nearly  as  long  as  the  femur  in  one 

vidaal,  proving  that  the  animal  walked  on  all  four  feet.      The 

lis  and  ulna  (Fig.  3)  are  comparatively  short  and  stout,  and  the 

r  has  a  very  large  olecranon  process. 

bere  were  five  well- developed  digits  in  the  manus.     The  meta- 

als  are  short  and  stout,  with  rugose  extremities.     The  distal 

anges  are  broad  and  hoof-like,  showing  that  the  fore-feet  were 

nctly  ungulate  (Woodcut,  Figs.  11-16,  pp.  245-246). 

HE  Pelvis. — The  pelvis  in  this  group  is  very  characteristic,  and 

three  bones,  ilium,  ischium,  and  pubis,  all  take  a  prominent  part 

)rming  the  acetabulum.     The  relative  size  and  position  of  these 

shown  in  the  diagram  (Woodcut,  Fig.  4),  which  represents  the 

10  elements  as  nearly  in  the  same   plane  as  their  form  will 

w,  while  retaining  essentially  their  relative  position  in  life. 

"he  ilium  is  much  elongated,  and  differs  widely  from  that  in  any 

he  known  groups  of  the  Dinoaauria,     The  portion  in  front  of 

Read  before  Section  C,  of  the  British  Association  for  the  AdToncement  of  Science, 
le  Leeds  Meeting,  September  4, 1890.  See  also  American  Journal  of  Science  (3), 
xxxvi.  p.  477,  December,  1888  ;  vol.  xxxvii.  p.  334,  April,  1889;  vol.  xxxviii. 
r3,  August,  1889,  p.  501,  December,  1889;  and  vol.  xjLxix.  p.  81,  January, 
),  p.  418,  May,  1890. 
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K  a  Manh—Giganiie  Cerafopsida. 

Trvf.  0.  C  ManA — Oigantie  CtraUqmdtf. 


Wm.  t. — Pel™  of  Trittratops  Jlabellalm,  Moreb,  ride  view,  one-twelfth  aat.  lii 

a,  acetubulam  ;  il.  ilium ;  i).  ischium  ;  p.  pubis. 
Tw.  E. — PobU  ol  Trittralopi  prornu,  Mursh,  side  liew,  Dne-eig;hth  nat.  ui«. 
Tm.  S.— the  laffiB  pabi« ;  top  new.  Fio.  7.— The  «ame,  bi4«  V\e^ , 

jL  pronniAl  end/  ^.  face  of  ilium  ■  f.  pabic  proceu :  d.  O^t^A^  cii:^ 
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The  protuberanoe  for  the  support  of  the  pabis  is  comparatively 
small,  and  elongated.  The  faoe  for  the  ischium  is  much  larger,  and 
but  little  produced*  The  acetabular  face  of  the  ilium  is  quite 
narrow. 

The  pubis  is  massive,  much  compressed  transversely,  with  its 
distal  end  widely  expanded,  as  shown  in  the  Figure  (5).  There  is 
no  post-pubis.  The  pubis  itself  projects  forward,  outward,  and 
downward.  Its  union  with  the  ilium  is  not  a  strong  one,  and  is 
similar  to  that  seen  in  the  pubis  of  StegoBawrus, 

The  ischium  is  smaller  than  the  pubis,  but  more  elongate.  Ita 
shaft  is  mucb  curved  downward  and  inward,  and  in  this  respect  it 
resembles  somewhat  the  corresponding  part  of  the  pubis  of  the 
Ostrich.  There  is  no  indication  that  the  two  ischia  met  closely  at 
their  distal  ends,  and  they  were  probably  united  only  by  cartilage. 

A  comparison  of  this  pelvis  with  that  of  Stegosaurus  shows  some 
points  of  resemblance,  but  a  wide  difference  in  each  of  the  elements. 
The  pubis  corresponds  in  its  essential  features  to  the  pre-pubis  of 
Siegoaaunu,  but  the  post-pubis  is  wanting.* 

The  Postkrior  Limbs. — The  femur  (Woodcut,  Fig.  8)  is  short, 
with  the  great  trochanter  (t)  well  developed.  The  shaft  is  com- 
paratively slender,  and  the  distal  end  much  expanded.  The  third 
trochanter  is  wanting,  or  represented  only  by  a  rugosity. 

The  tibia  (Woodcut,  Fig.  9)  is  of  moderate  length,  and  resembles 
that  of  Stegoaaurus.  The  shaft  is  slender,  but  the  ends  are  much 
expanded.  The  fibula  is  very  slender,  and  the  distal  end  was 
closely  applied  to  the  front  of  the  tibia  (Woodcut,  Figs.  9  and  10/.). 
]q  adult  individuals,  the  astragalus  is  firmly  coossified  with  the 
distal  end  of  the  tibia,  as  in  Stegosaurus  (Figs.  9  and  10  a,  a). 

The  metatarsal  bones  which  were  functional  are  rather  long,  but 
massive  (Woodcut,  Figs.  17-19).  Their  phalanges  are  stout,  and 
the  distal  ones  broad  and  rugose,  indicating  that  the  digits  were 
terminated  by  very  strong  hoofs  (Woodcut,  Figs.  20,  21,  22). 

All  the  limb  bones  and  vertebra)  in  Triceratops,  and  the  nearly 
allied  genera,  are  solid. 

11  12  13 


Pio.  11. — Metacarpal  of  Trieeratopi  prorsut,  Marsh   (front   view),  one-eighth 
Html  size.    Fios.  12  and  13. — The  same  hone ;  side  and  hack  views. 

The  Dermal  Armour. — Beside  the  armature  of  the  skull,  the 
body  also  in  the  Ceratopsida  was  protected.  The  nature  and 
position  of  the  defensive  parts  in  the  different  forms  cannot  yet  be 

*  The  puhis  recently  discovered,  and  represented  in  Woodcuts  Figs.  6,  6,  7,  has  a 
»liort,  sphnt-Uke  process,  which  may,  perhaps,  he  a  remnant  of  a  post-pubic  element, 
^though  it  has  not  the  position  of  the  post-puhic  bone  in  other  Dinosaurs. 


^rqf.  0.  C.  Marnh—Qignntic  Ceratopgidm. 
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determined  with  oertainty,  bat  Tarioni  apines,  bosses,  adA  plates 
bave  been  found,  that  clearly  pertain  to  the  dermal  oovsrin^  of 
Tricerafopt,  or  nearly  allied  genera.  Several  of  these  OBsifications 
were  probably  placed  on  the  back,  behind  the  crest  of  the  skull 
(Woodont,  Figs.  33-34),  and  some  of  the  smaller  ones  may  hare 
defended  the  throat,  aa  in  8lego»auru$. 


le-eighth  natural  siie. 
Bide  and  end  views  of  same. 
Fios.  30-32.— Dermal  plate  of  Truer»Upt ;  top,  bottom  and  sida  riewa ;  ona- 
eiglith  natural  aiie. 

F\a.  33. — Dennal  oaiflcalion  of  IVuaraMfM ;  ndeiiew;  one-half  natuial  aiie. 
Fid.  31. — Front  lieir  of  aame. 

The  remarkable  estinot  reptiles  here  briefly  deaoribod  present 
many  characters  which  separate  them  widely  from  all  other  known 
Dinosaura.  Some  of  these  oharaoters  are  evidently  the  result  of  a 
high  degree  of  specialization,  bnt  there  are  others  that  cannot  be 
thus  explained.  The  speoialization  evidently  began  in  the  skull, 
and  there  reached  its  greatest  devetopmenL  The  peculiar  armature 
of  the  akall  has  a  partial  parallel  in  the  genus  Phrynoaoma  among 
the  recent  Lizards,  and  Meiolania  among  the  extinct  Turtles.  A 
■nggeation  of  the  parietal  crest  may  be  seen  in  the  existing  ChameUa, 
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ber  points  of  refiemblanoe  io  its  ekuU  anil  Bkeleton. 
.  however,   inilicHte  only  a  very  remote  affinity,  and 
Dinosaiiia  alone  that  ihis  group  can  be  placed,  as  a 
.  in  the  order  Oinithopoda. 

isidie  resemble,  iu  varioiiB  points,  the  StegoBtturia  of 
especially    in    the   vertebne,   limbs,   and    feet.     Tfaa 
lice  ia  lii^eu   in  the  Gkull,  but  the  pelvic  arch,  also, 
[livergencre.     In  the  Cerafoptiihi-.  there  ig  no  markeii 
I  the  spinal  cavity  in  the  sacrum,  and  there  is   no 

ire  above  given  are  baaed  upon  foasile  which  T  have 
eBligated.  including  the  type  specimens  of  Ceralopt 

'be    material    now  at    my  command    includes    llie 
iny  iudividtiJilB,  among  which  are  portions  of  about 
It  HkullB,  and  Borae  of  these  are  nearly  i>Brfect.     In 
w  in  prepamtion,  I  shall  fully  descrilw)  and   illustnitc 
iporlant  of  these  Bpecimens,  and  likewise  discuss  their 
led  forms. 

!   iianiea,    Agatliauinae,   Cralaomva,    Monoclowus,  and 
hers,  have  been  given  to  fragmentary  fossils,  which 

this  gri>up,  but  these  remains,  »o  far  as  made  known, 

istinut  from  those  here  described. 

m,  let  me  say  a  word  as  to  how  the  discoveries  here 

b^j^cramidiBhe^Th^iaii^redi^^ 
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available  for  examination  makes  it  possible  to  attempt  a  restoration 
of  one  characteristio  form,  and  the  result  is  given  in  Plate  VII. 
This  figure,  about  one-fortieth  of  natural  size,  is  reduced  from  a 
large  outline  plate  of  a  memoir  on  this  group,  now  in  preparation  by 
the  writer  for  the  United  States  Geological  Survey. 

This  restoration  is  mainly  based  on  two  specimens.  One  of  these 
is  the  type  of  Triceratops  prorsus.  Marsh,  in  which  the  skull,  lower 
jaw,  and  cervical  vertebrsB  are  in  remarkable  preservation.  The 
other  specimen,  although  somewhat  larger,  is  referred  to  the  same 
species.  It  consists  of  parts  of  the  skull,  of  vertebrsB,  the  pelvic 
arch,  and  nearly  all  the  important  limb  bones.  The  remaining 
portions  are  mostly  taken  from  other  remains  found  in  the  same 
horizon  and  localities,  and  at  present  are  not  to  be  distinguished 
specifically  from  the  two  specimens  above  mentioned.  The  skull  as 
here  represented  corresponds  in  scale  to  the  skeleton  of  the  larger 
individual. 

In  this  restoration,  the  animal  is  represented  as  walking,  and  the 
enormous  head  is  in  a  position  adapted  to  that  motion.  The  massive 
fore  limbs,  proportionally  the  largest  in  any  known  Dinosaur, 
correspond  to  the  head,  and  indicate  slow  locomotion  on  all  four  feet. 

The  skull  is,  of  course,  without  its  strong  horny  covering  on 
the  beak,  horn-cores,  and  posterior  crest,  and  hence  appears  much 
smaller  than  in  life.  The  neck  seems  short,  but  the  first  six 
cervical  vertebrsB  are  entirely  concealed  by  the  crest  of  the  skull, 
which  in  its  complete  armature  would  extend  over  one  or  two 
vertebra?  more.  The  posterior  dorsals  with  their  double-headed  ribs 
continue  back  to  the  sacrum  itself,  there  being  no  true  lumbars, 
although  two  vertebne,  apparently  once  lumbars,  are  now  sacrals,  as 
their  transverse  processes  meet  the  ilia,  and  their  centra  are  coossified 
with  the  true  sacrum.  The  four  original  sacral  vertebrsB  have  their 
neural  spines  fused  into  a  single  plate,  while  the  posterior  sacrals, 
once  caudals,  have  separate  spines  directed  backward. 

No  attempt  is  made,  in  this  restoration,  to  represent  the  dermal 
armour  of  the  body,  although  in  life  the  latter  was  more  or  less 
protected.  Various  spines,  bosses,  and  plates,  indicating  such  dermal 
armature,  have  been  found  with  remains  of  this  group,  but  the 
exact  position  of  these  specimens  can,  at  present,  be  only  a  matter 
of  conjecture. 

This  restoration  gives  a  correct  idea  of  the  general  proportions 
of  the  entire  skeleton  in  the  genus  Triceratops.  The  size,  in  life, 
would  be  about  twenty-five  feet  in  length,  and  ten  feet  in  height. 
The  genus  Ceratops  so  far  as  at  present  known  is  represented  by 
individuals  of  smaller  size,  and  in  some  instances,  at  least,  of  quite 
different  proportions.  A  third  genus,  which  may  be  called  Ster- 
rholophus,  can  be  readily  distinguished  from  the  other  two  by  the 
parietal  crest,  which  had  its  entire  posterior  surface  covered  with 
the  ligaments  and  muscles  supporting  the  head.  In  Ceratops  and 
TiceraiopSy  a  wide  margin  of  this  surface  was  free,  and  protected  b^ 
a  thick,  horny  covering.  The  type  of  the  new  getkw«  \ft  \\i^  w^^msiw^. 
descriW  and  £gured  by  the  writer,  as  Triceratops  jlabellai\»>  N«\5Ss3*a. 
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[le  that  oUier  forms,  quite  distinct,  left  tbeir  remnina 
tlie   same   borizon   of   tlie   Laramie,  but    tbeir  true 
i  above  genera   cannot  be   settleJ  without    further 

io  far  as  at  present  investigated  is  Tery  diatinct  from 
n  Dinosaurs,  and  whether  it  should  be  regarded  as  a 
'/sidtB,  as  first  described  by  tbe  writer,  or  as  a  srb- 
siVi,  as  later  defined  by  bim,  will  depend  upon  tlio 
and  value  of  the  peculiar  characters  manifested  in  its 

liaracterB  which    separate  the  group   from  all  other 

,  of  the  Dinotawia  are  as  follows: 

J  bone,  forming  a  sharp,  cutting  beak. 

11  surmounted  by  massive  horn-cores. 

anded  parietal  crest,  with  its  marginal  armature. 

1  foramen. 

;h  with  two  distinct  roots. 

erior  cervical  vertebrie  coossifled  with  each  other, 

rsal  veilebrffi  supporting,  on  the  diapophysia,  both 

Libercle  of  the  rib. 

ibur  vertebrfB  wiinting. 

1  of  this  group  were  all  herbivormiB,  and  their  food 

1  period.     The  remains    here   figured   are    from    iha 
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the  nniversal  oonstraotioii  of  the  islands.  Drasohe,'  writing  in  1879, 
restricted  this  theory  to  those  islands  lying  eastward  of  a  certain 
line,  drawn  from  Eamschatka  through  Japan,  the  Philippines,  New 
Oainea,  New  Caledonia,  New  Zealand,  Auckland  and  Maoquarie 
Islands  to  the  Antarctic  Victoria.  Even  at  that  time,  however,  such 
rocks  as  day-slates,  greywackes,  eta,  had  been  recorded  in  the 
Chatham  Islands'  and  New  Britain,'  east  of  Drasche's  line,  and 
leptinites,^  granite,  and  gneiss '  in  the  Marquesas,  far  to  the  east. 
Later  researches  have  proved  the  existence  of  numerous  crystalline 
rocks,  igneous  and  metamorphic,  in  the  larger  islands  of  the  Fiji ' 
and  Solomon^  archipelagos,  and  suggested  that  in  many  other 
islands  such  rocks  may  be  only  masked  by  a  comparatively  thin 
covering  of  organic  or  volcanic  accumulations. 

It  may  be  inquired,  then,  whether  the  Tonga  Islands  show  any 
indication  of  the  existence  of  denuded  crystalline  rocks  beneath  the 
newer  deposits.  No  such  rocks  have  been  found  in  place,  and  the 
evidence  available  is  very  slight.  Eua,  the  most  southerly  of  the 
larger  islands,  differs  to  some  extent  from  the  rest  in  geological 
structure,  and  from  the  eastern  shore  of  this  island  Mr.  Lister 
collected  a  boulder,  one  of  many  there  seen,  which  is  neither  a 
volcanic  nor  an  organic  rock.  I  have  described  it  (Gxologioal 
Maqzinb  for  April,  p.  172)  as  a  uralitised  gabbro,  and,  though  some 
petrologists  would  prefer  to  name  it  diabase,  it  is  unlike  any  super- 
ficially erupted  lava.  Further,  there  is  no  doubt  that  it  is  derived 
from  the  island  on  which  it  was  found.  The  only  other  suggestive 
point  is  the  rare  presence  of  minute  fragments  of  red  garnet  and 
blue  tourmaline  in  the  calcareous  andesitio  sandstones  largely 
developed  in  the  same  island.  These  fragments,  blown  out  from 
a  volcano,  point  to  the  existence  of  metamorphic  rocks  below, 
though  at  what  depth  it  would  be  idle  to  speculate. 

With  the  exception  of  the  dykes  mentioned  below,  the  volcanic 
rocks  of  Eua  seem  to  consist  entirely  of  fragmental  accumulations, 
no  lava-flows  being  seen.  Mr.  Lister's  collection,  however,  contains 
a  specimen  of  a  boulder  from  the  same  locality  as  the  one  mentioned 
above,  which  is  a  grey  compact-looking  andesite  of  specific  gravity 
2*618.  It  shows  under  the  microscope  a  kind  of  flow-breociation 
which  causes  us  to  compare  the  rock  with  extruded  lavas  rather 
than  with  the  dykes  exposed  near  the  locality  in  question.  The 
rock  [1258]  consists  of  very  numerous  little  plagioclase  crystals 
imbedded,  with  marked  parallel  arrangement,  in  an  isotropic  ground. 
The  felspars  are  lath-shaped  to  acicular,  and  twinned  or  simple 
according  to  their  size.  There  is  little  or  no  augite,  but  an 
occasional  crystal  of  rhombic  pyroxene  transformed  into  pale  green 

1  Ken.  Jahrb.  1879,  p.  266. 

'  See  Darwin's  "  Geological  Observations :  "  cf.  Haast,  Trans.  N.Z.  Inst.  vol.  i. 
p.  180,  1869,  and  Hector,  ibid,  vol.  ii.  p.  183,  1870. 
'  Meinicke,  **  Inseln  des  Stillen  Oceans/*  vol.  i.  p.  133,  1875. 

*  Jaidin,  Bf^m.  Soc.  Imp.  Sci.  Nat.  Cherbourg,  vol  iv.  p.  55,  1856. 

»  Marcon,  "Explic.  Carte  G6ol.  de  la  Terre,**  p.  185,  1875  ;  authority  not  cited. 

•  Wichmann,  Tsch.  Min.  Petr.  Mitth.  vol.  v.  p.  i.  1882. 

^  <^apP7>  "  The  Solomon  Islands,  their  Geology,''  etc.,  1887. 
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BIftgnetite   grains   and   oryetala   occur   sparingly. 

itiful    seconriary  product  is  ye  How- green   pleochroio 
aeoms  in  pnrt  to  replace  Boine  of  tbe  larger  felsfiara, 

their  matrix.     They  are  Bometiraea  of  finer  t«sture, 
*er,  or  agniu  have  a  fine  ground  enclosing  porphyritio 
0  patches  do  not  share  in  the  general  flow  structure 
d  seem  to  be  relics  of  ft  solid  crust  formed  on  the 
oal6e,  and   broken  up   by  subsequent  movement  of 

jtes  three  dykes  exposed  on  the  easf^rn  shore  of  Euft. 
ugh  the  Yolaanio  deposits,  but  are  older   than  the 
)toTie-B,  which  they  do  not  penetrate.     The  specimena 
:rey  i\ndesite,  sometimes  showing  porphyritic  felspars 
ighth  of  an    inch   long,  or  little  dark  spots  which 
apoaing  pyroxene. 

icroscope  these  rocks  show  innumemble  microlites  of 
ed  in  an  isotropic  base.     When  porphyritic  felspars 
libit  Carlsbad  and  albite  twinning  and  strong  zonary 
ilarized    light.      Augite  is   not   recognizable    in  the 
but   occurs   in   more    or    less    idiomorphic    crystals, 
;arly  so  in  section,  among  the  earlier  minerals.    With 
:  a  pale  yellow  enstatite  in  good  prisms  terminated 
;102)  [slide  12(!1].     Magnetite  is  present  either  in 
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are  some  which  are  highly  calcareous.  Specimens  from  the  northern 
part  of  £ua  have  a  white  cbalky  aspect,  and  effervesce  freely  with 
acid,  but  they  contain  abundant  felspar  microlites  and  broken 
felspar  crystals,  some  giving  nearly  straight  extinction  (oligodase- 
andesine  ?),  besides  occasional  enstatite,  etc. 

A  coarser  type  of  rock,  well  .represented  in  the  collection,  may 
be  termed  a  volcanic  sandstone.  It  resembles  an  ordinary  sandstone 
of  moderately  coarse  grain,  though  isolated  fragments  occur  up  to 
about  an  eighth  of  an  inch  in  diameter.  On  the  generally  yellowish 
brown  surface  are  seen  little  scattered  broken  crystals  of  black 
augite  and  the  lustrous  cleavage-planes  of  felspar  fragments.  Some 
of  the  felspar  flakes  give  nearly  straight  extinction ;  others  are 
evidently  more  basic.  As  before,  the  bulk  of  the  fragments  com- 
posing the  rock  are  of  brown-stained  glassy  lava.  Oood  examples 
come  from  the  mouth  of  Ana-ahu. 

At  the  last-named  locality  there  is  an  alternation  of  harder  and 
softer  beds.     The   softer  are  of  the  character  just  described;  the 
harder  di£fer  from  them  in  possessing  a  cement  of  calcite,  which 
forms  a  large  part  of  the  rock.     These  calcareous  beds,  which  occur 
also  in  other  parts  of  the  volcanic  series  of  Eua,  present  under  the 
microscope   some  points  of  interest     One   of  these   features,  the 
occasional  presence  of  minute  chips  of  characteristic  metamorphic 
minerals,  has  already  been  alluded  to.     Slices  [1268,  1273]  show 
that  the  fragments,  some  of  which  appear  rolled,  are  of  brown- 
stained  andesite,  enclosing  many  felspar  microlites  and  occasionally 
a  porphyritio  crystal.     The  larger  pieces  have  the  spongy  character 
of  pumice.     Besides  the  andesitic  fragments,  are  seen  little  chips 
of  minerals  such  as  might  be  derived  from  the  same  source ;  clear 
plagioclase,    pseudomorphs  of  calcite  after   felspar,   and   brightly 
polarising  pyroxene ;  also  rarely  a  grain  or  two  of  quartz,  seemingly 
clastic.     The  matrix  of  crystalline  calcite  encloses  numerous  fora- 
miniferal  tests  which  seem  to  belong  for  the  most  part  to  Globigerina. 
More  rarely  occurs  a  small  chip  of  shell  or  a  fragment  recalling 
the  characteristic  structure  of  an  echinoderm  plate.     The  calcareous 
matrix  further  exhibits  in  parts  a  beautiful  oolitic  structure,  giving 
the  black  cross  well  defined  in  polarised  light.     The  structure  is  of 
the  spherulitio  type,  with  radial  but  not  concentric  arrangement, 
and  is  quite  different  from  the  rolled  oolitic  grains  well  known  in 
our  Carboniferous  and  Jurassic  limestones.     It  is  produced  in  situ 
by  molecular  action,  as  is  sufficiently  proved  by  the  fact  that  one 
of  these  spherulitio  growths  occupies  each  chamber  of  the  forami- 
niferal  tests. 

It  seems  clear  that  the  whole  of  these  volcanic  rocks  of  Eua  are 
of  submarine  origin.  This  appears  from  their  uniform  and  horizontal 
stratification,  the  indications  of  the  "  sorting "  action  of  water,  and 
the  occurrence  at  various  horizons  of  highly  calcareous  rocks,  some 
containing  marine  organisms.  Probably  some  parts  of  the  deposits 
come  from  the  destruction  of  volcanic  accumulations  thrown  up  above 
Bea-level,  such  as  Falcon  Island  at  the  present  day,  which  is  being 
lapidly  destroyed  by  tlie  waves. 
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J  rooka  of  Eiia  are  overlain,  with  evident  unconformity, 

Ite  limestones,  and  the  earlier  group  must  have  suffered 

iniiilation    before   the  newer  was   deposited.      This 

Khe  fact  that  while  the  horizontally  hcdded  volcanice 

e  interior  at  a  height  of  more  than  a  thousand  feet, 

oome  down  to  eea-level  on  the  ooaat  within  a  distance 

Further,  the  dykes  which  cut  through  the  volcanic 

■nate     without     euCering     the    overlying    calcareous 

8  occur  in  three  terraces,  and  BIr.  Lister  was  led  to 

elevated  reefs.      He  observed   reef-coruls  on  the 

<r  terrace  and  on  the  fop  of  the  highest  one.     An 

a  few  thin  sections  of  the  rocks  showed  indeed  a 

lant  of  coral  fragments,  the  rocks  sliced,  with  their 

minifera,  some  of  large  size,  mcalling  strongly  the 

Bieslones   of  Sumatra   and   Borneo  as    described  by 

I  Brady'    and  A.  V.  Jennings'  respectively.     When 

liains  occur,  they  are  associated  with  similar  forami- 

J29].     The  specimens  have,  however,  been  submitted 

liirray,  whose  large  experience  of  calcareous  deposits 

1  and,  pending  the  results  of  his  esamination,  it  will 

a  to  notice  the  more  obvious  petrological  characters 

■lies,    e.g.    from    Maui's    Oven,    are    rough -textured 
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Btmcture  and  maoh  ferruginous  deoompositiou-produot.    The  rook 
is  not  porphyritic. 

The  fragmental  aocumulations  from  this  island  vary  much  in 
character.  Specimens  from  the  eastern  hill  are  white  chalky-looking 
rocks,  in  which  nothing  is  to  he  seen  heyond  a  rare  crystal  of  augite. 
They  are  very  calcareous,  and  the  residue  after  treatment  with  acid 
is  merely  a  mass  of  very  fine  scoriaceous  and  dusty  material  with 
fragments  of  crystals  of  felspar,  hypersthene  (?),  apatite,  etc.  From 
other  parts  of  the  island  come  fine  grey  ashes  with  white  spots  of 
decomposing  felspar.  These  are  non-calcareous,  and  consist  of 
minute  fragments  of  brown-stained  glass  and  various  volcanic 
minerals  mingled  with  fine  dust  Other  rocks  unmixed  with  cal- 
careous matter  are,  rather,  volcanic  sandstones,  enclosing  numerous 
fragments,  usually  rounded,  of  yellow  or  brown  lava,  eta  Specimens 
of  coarser  texture — volcanic  conglomerates — come  from  the  western 
or  Observation  HilL  These  have  a  partly  calcareous  matrix  and 
include  fragments  of  lava  usually  an  inch  or  more  in  diameter  and 
of  Bubangular  form.  In  these  coarse  accumulations  occur  blocks  of 
coral,  specimens  of  which  are  as  much  as  six  inches  across,  and  have 
portions  of  the  conglomeratic  rock  adhering  firmly  to  them. 

Nomnka-iki  is  a  small  island  lying  to  the  south-west  of  Nomuka. 
It  is  described  as  consisting  in  its  northern  part  of  a  flat  of  coral 
sand,  while  the  southern  and  higher  portion  is  of  stratified  volcanic 
ashes,  alternately  fine  and  coarse,  which  are  well  exposed  in  a  cliff 
on  the  west,  and  contain  marine  fossils.  The  specimens  from  here 
are  mostly  yellow-brown  or  greyish  ashes  of  fine  texture,  only 
occasionally  showing  fragments  up  to  an  eighth  of  an  inch  long,  some 
of  which  are  of  decomposing  andesite.  Little  glistening  felspars 
are  visible  with  a  lens,  besides  countless  little  black  dots  which 
seem  to  be  partly  altered  pyroxene.  Some  specimens  from  the 
upper  layers  are  rather  coarser,  and  show  more  conspicuous  frag- 
ments. In  these,  well-formed  prisms  of  lustrous  black  augite  may 
be  recognized  as  well  as  the  felspars.  The  microscope  shows  that 
these  latter  are,  as  usual,  of  a  triclinic  species;  that  a  green, 
pleochroic  rhombic  pyroxene  occurs,  in  addition  to  the  green 
augite;  and  that  yellowish  volcanic  glass  and  fine  dust  are  also 
represented.  None  of  the  Nomuka-iki  specimens  are  calcareous 
enough  to  effervesce  with  acid.  The  only  fossil  in  the  collection  is 
a  well-preserved  Pyrtda.  It  rather  resembles  the  Eocene  P.  nexilisj 
but  has  more  delicate  markings,  and  is  perhaps  to  be  matched 
among  later  forms. 

Tonumeia,  a  small  island  situated  to  the  south  of  Nomuka  and 
Mango,  consists,  according  to  Captain  01dham*s  observations,  of 
stratified  volcanic  tuffs,  which  are  exhibited  in  a  cliff  80  feet  high 
on  the  west  coast,  showing  a  dip  of  3^  to  the  south.  A  specimen 
(I.)  of  the  finer  tuff  is  a  rather  fine  volcanic  ash  compacted  by  a 
calcareous  and  ferruginous  cement  into  a  dirty  yellow-brown  rock. 
In  the  residue  insoluble  in  dilute  acid  are  recognized  chips  of  a 
monoclinic  and  a  fibrous  rhombic  pyroxene  with  a  basic  felspar, 
besides  the  usual  brown-stained  glassy  and  scoriaceous  fragments. 
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a  from  this  island  are  peliblea  found  on  the  beach. 
oarfiely  nmygdaloidal  lava,  ptrhaps  not  a  native  rook. 
)  black  DoduIeH  of  iiTegulor  but  rounded  form,  the 
wo  inches  in  diameter  (HI.).     They  have  externally 
re,  while  the  interior  is  duller  and  shows  a  cerlatn 
structure.    Rongh  chemical  tests  indicate  some  oiide 
and  the  general  characters  are  those  of  peilomelane ; 
'  ia  Bolttir,  and  the  specific  gravity  of  one  nodule  was 
ly  3'54.     Iliia  perhaps  indicates  a  pnrtial  oonvereion 
Dine  other  hydrated  substance.      These  nodules  are 
e  to  the  island,  and   portions  or  the  calcareous  nialriz 

lam  also  collected  epcciraens  from  the  small  bland 
Dod  on  the  Chart)  situated  north-east  of  Mango.     Of 
■ed  coral  sand  "  (IV.)  from  the  summit  of  the  isUnd 
■ee  from  foreign  admixture;  the  rest,  from  a  cliff  20 
)  north  side,  are  volcanic  ashes  usually  with  hot  little 
er,  despite  the  fact  that  organic  remains  are  visible 
cimens.      These   stratified   volcanic   rocks,    with  an 
lild  the  mass  of  the  island.     Most  of  the  speoimena 
/-white  rocks  with  a  lumpy  appearance,  although  the 
?nt!i,  up  to  about  nn  inch  in  diameter,  do  not  differ 
I  rhe  Matrix  in  wliioh  they  are  imbedded  (V.  and  Va.)- 
itig  crystals    of   felspar  and   augite  are   visible   here 
)>ti   dull   mnss.   aud  the  microscope  shows  only  thepe 

Gm.  Uio.  isai. 
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Bkmains  or  Htlohomub  Ltelli,  Dawson,  1850. 

Coal-Measfheb,  Sol'tu  Joaoi>'B;  Kova  Scotia. 

(1)   Croniol  bono*  nnd   mnndiblcB:    {\a)  Stenml  »n4  «Viovs,y*i  to'ae*', 

(a)  JUandible ;  fS)  Humerua,  riln  and  vertebro: ;  t^\')lUii4\ioi>'. 

(6)Pclria;  (6)  Caudal  TertebiTO. 
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a  rather  fibrous  rhombio  pyroxene.  Some  of  the  felspars  are 
andesine,  but  tbey  are  not  all  of  one  variety.  With  these  minerals 
uocur  many  fragments  of  yellowiHh  glass,  often  with  very  irregular 
shape  and  oonoave  boundaries,  such  as  would  arise  from  the  breaking 
np  of  pumice. 

The  coarser  accumulations  would  rather  be  termed  agglomerates. 
They  have  a  rough  and  often  porous  texture,  and  are  largely  com- 
posed of  bomb-like  ejectamenta,  a  quarter  or  half  an  inch  in  diameter, 
besides  pieces  of  vesicular  and  pumiceous  lava.  The  interspaces  are 
often  partly  vacant,  with  a  dpsty  lining.  These  agglomeratic  rocks 
are  grey  or  yellowish,  but  become  red  or  brown  by  weathering. 

Mr.  Lister's  collection  from  Falcon  Island  includes  a  number  of 
specimens  from  the  ejected  blocks  of  lava  scattered  over  the  island. 
These  are  more  or  less  vesicular  rocks,  showing  numerous  little 
glassy  felspars,  one-tenth  to  one-fifth  of  an  inch  long,  imbedded  in 
a  dark  grey  ground.  Some,  perhaps  rather  weathered,  show  a 
lighter  grey  ;  while  others,  more  glassy,  are  black  with  a  sUky 
lustre.  The  vesicles  usually  vary  from  mere  pores  to  cavities  an 
inch  or  more  in  length ;  but  in  some  examples  they  are  drawn  out 
into  narrow  pipes  more  than  six  inches  long.  The  more  scoriaceous 
and  cellular  varieties  are  free  from  porphyritio  crystals,  and  the 
perfectly  glassy  pumice  is  pure  white. 

These  lavas  appear  to  be  basic  augite-andesites,  neither  olivine 
nor  rhombic  pyroxene  being  detected.  One  of  the  sliced  specimens 
gave  a  specific  gravity  2-436,  but  this  is  evidently  too  low,  and 
indeed  the  specimen  contains  numerous  microscopic  vacuities ;  a 
more  compact  example  gave  2*708,  which  seems  to  indicate  a 
decidedly  basic  composition. 

In  the  slices  [1264-1266]  the  porphyritio  felspars  seem,  from 
their  extinction-angles,  to  be  bytownite.  They  have  Carlsbad  and 
albite-twinning,  and  some  of  the  larger  ones  show  pencline-lamellas 
in  addition.  The  crystals  are  well  bounded,  but  often  grouped  in 
clusters  so  as  to  interfere  with  their  perfect  development.  The 
crystals  are  clear,  but  contain  glass-cavities,  usually  with  zonal 
disposition,  and  some  entangled  portions  of  the  ground-mass.  The 
aiigite,  pale  yellow  in  section,  is  not  very  abundant.  Some  of  the 
larger  crystals  are  so  associated  with  the  porphyritio  felspars  as  to 
prove  that  they  belong  to  an  early  phase  of  consolidation,  but  the 
bulk  of  the  mineral  occurs  in  ill-shaped  idiomorphic  crystals 
scattered  through  the  ground.  The  ground-mass  consists  of  numerous 
lath-shaped  microlites  of  felspar  imbedded  with  a  more  or  less 
fluxional  arrangement  in  an  isotropic  glass.  The  proportion  of 
glassy  base  varies  considerably,  as  might  be  inferred  from  the 
appearance  in  hand-specimens.  A  very  characteristic  feature  is 
the  occurrence  in  the  mass  of  well-defined  irregular,  or  usually 
round,  patches  of  lighter  colour  and  containing  less  isotropic  base 
than  the  surrounding  mass.  These  seem  to  be  portions  of  lava 
which  while  partly  consolidated  became  involved  in  a  more  fluid 
magma  [1264]. 

With  the  exception  of  the  Falcon  Island  rocks,  all  those  examined 
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..c  mie  to  speak  until  tlit*  evitle 
been  dnlv  set  forth,  but  it  would 
them  all  to  a  Kecent  age,  and  s 
back  far  into  Tertiary  times. 


IV. — Note  on  Htlokomus  Ltell 

TION   OF   £ 
By  Sir  J.William  I 

(PLATE 

AS  a  sequel  to  my  recent   pa 
drerpetaUf   I    have    thought 
j    I  ]  photogravure,   for    comparison,  th< 

LyeUi  now  in  the  collection  of  th 
The   reproduction  (Plate  VIII.)  is 
distinct  than  in  the  original.     Thoi 
specimen  enabled  me,  by  measuring 
■        11  the  cuticular  scales  found  on  other  i 

ill  in  my  "  Airbreathers  of  the  CJoal  Per 

'  The  specimen  represented  is  one 

the  others  represent  smaller  (probi 
specimens,  though  not  showing  any 
be  noticed  that  the  caudal  vertebras 
I  which  1  had  forgotten  when  the  fori 

\  species  of  Hylerpeton  and  FrtUchia, 

the  development  of  the  limb-bones  s 
Smilerpeton  occidentatum  the  limbs  w 

than  in  the  case  of  other  forms  in  th 
and  Tior*-r.— 


Mqfor^Chneral  MacMahan — Rutih  in  Fireclat/s.         259 

(legtniction  of  others.  Some  material  of  this  kind  representing 
Fritichia,  Hylerpeton,  eto.,  is  still  only  in  process  of  development, 
and  may  perhaps  yet  enable  their  skeletons  to  be  reproduced  more 
perfectly  than  heretofore. 

Rbfb&bncb  to  Plate  YIII. 

(1)  Skull  and  Maiills :  (U)  Sternal  and  Scapular  bones ;  (2)  Mandible ; 
(3)  HumeroB,  Hibs  and  Vertebrte ;  (4)  Hind  Limb ;  (5)  PelriB ; 

(6)  Caudal  Yertcbrse. 

Y. — Note  on  the  Alleged  Genesis  of  Rutile  in  Fireolats. 

By  Major-Genend  C.  A.  MacMahon,  F.G.S. 

r.  W.  M.  HOTCHINGS'  "  Notes  on  the  Fireclays  of  the  Coal- 
measures/*  published  in  the  April  Numl>er  of  the  Geol.  Mao., 
contains  many  interesting  facts  and  suggestions  on  which  I  should 
like  to  offer  a  few  remarks. 

The  conclusion  at  which  the  author  appears  to  have  arrived  (see 
para.  2,  p.  168,  read  with  the  two  bottom  paras,  of  that  page)  is 
that  the  formation  of  the ''  rntiliferous  mica,"  and  its  contained  rutile, 
ifl  due  to  dynarao-metamorpbism. 

This  is  rather  a  startling  conclusion  and  it  is  one  which  seems 
to  rest  on  slender  evidence.  Even  if  it  could  be  proved  that  the 
nitiliferous  mica  and  the  free  ru tile-needles  are  both  of  secondary 
origin,  no  evidence  has  been  adduced  to  show  that  their  genesis 
is  due  to  dynamic  and  not  to  ordinary  aqueous  agencies.  Evidence 
on  this  point  is  the  more  desirable  as  one  does  not  usually  associate 
beds  of  unindurated  clay  with  the  display  of  dynamic  energy.  Do 
fossils  of  these  Coal-measures  exhibit  pressure  deformation  ? 

Even  in  cases  where  sedimentary  rocks  have  evidently  suffered 
deformation  from  earth-movements,  it  would  not  be  safe  to  assume, 
without  proof,  that  the  secondary  minerals  found  in  them  owe  their 
birth  to  dynamic  causes. 

With  respect  to  the  Seaton  beds  there  are  two  distinct  issues  to 
be  proved.  Are  the  rutile- needles  and  the  yellow  mica  of  secondary 
or  of  clastic  origin  ?  And  if  secondary,  to  what  process  do  they  owe 
their  birth  ? 

Regarding  the  first  issue  I  remark  that  some  of  the  author's  facts 
seem  quite  consistent  with  the  view  that  the  rntiliferous  mica,  and 
the  free  rutile-nodules,  were  transported  to  the  spot  along  with  the 
other  constituents  of  the  clay.  The  finest  washings  "  A,  B,  C,"  con- 
tain **  far  away  the  largest  portion  of  the  rutile-needles ; "  and 
many  of  the  quartz  and  felspar  grains  carry  '<  more  or  less  a  skin 
of  rntiliferous  'paste'  in  spite  of  all  the  washing  and  agitation. 
I  think  it  is,"  Mr.  Hutchings  adds,  "really  corroded  on  to  the 
substance  of  the  grains  in  many  cases."  These  facts  do  not  give 
much  support  to  the  theory  that  the  mica  and  its  endogenous  rutile 
"is  a  new  formation  posterior  to  sedimentation." 

Another  fact  mentioned  by  the  author  seems  to  point  to  the  same 
conclusion  :  be  tells  us  that  the  flakes  of  rntiliferous  mica,  with  few 
exceptions,  are  seen  by  their  extinctions  to  be  "aggregates  of  more 
or  less  numerous  smaller  flakes  overlapping  one  another,  and  with 
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il  orientation."     If,  as  I  nnderatand,  the  orientation 
,  this  fact  Beenia  to  [wint  to  llie  deposition  of  the  flnke* 
other  by  water — onlinary  Bedimeiitdtion — rather  Ihnn 
ion    It)   »it&.     As   the   molecules  of  cryatals  poBseHB 

surely  have  followed  the  laws  of  crystal  It  zati  on  and 

themselvee  in  defiuita  order  either  as  einiplo  or  u 
lis.     If,  on  the  other  hand,  these  "ooinplei  flakea" 

promiscuous  aggloraeratione  of  numerous  sejinraia 
id  not  BJQgie  crystals,  I  fail  lo  see  how  the  fact  of 
ilion  supports  the  contention  that  the  "nitiliferotis 
ondary  mineral  formed  after  the  de)>0Bit  of  the  clay. 

fragments  of  mica  suspended  in  water  would  be  very 

I  together  as  mechanically  mixed  agglomerates  even 
ik  to  the  bottom.     This  process,  I  suspect,  is  probably 
■  Mr.  Uutchiags'  "globular  aggregates  in  which  the 

II  nzimuihs."     The  attraction  which  minute  particles 
.vater  exercise  on  each  other  may  be  observed  in  a 
,iihe  every  day. 

in  his  examination  of  the  mud  prepared  in  the  Labor- 
fireclay  observed  an  upward  and  a  downward  limit 
the  flakes  of  nitiliferoiis  mica,  and  he  attaches  con- 
irtanca  to  the    fact.     "Looking  at  the  facts  slated," 
.  167,   "the  one  that  appenrs  to  have  most  I.H;aring 
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detached  from  mica  flakes,  it  does  not  seem  remarkable  to  me  that 
the  larger  flakes  should  have  been  landed  on  the  stage  of  the 
author's  microscope  minus  their  rutile  -  needles.  The  flakes  of 
rutiliferous  mica  appear  to  have  been  below  nAs^th  of  an  inch 
in  diameter,  and  owing  to  their  extreme  microscopic  size  may  have 
been  protected  from  abrasion  by  their  superior  powers  of  flotation. 

If  mica,  as  Mr.  Hutchings  seems  to  think,  was  the  mother  of 
the  rutile,  we  can  hardly  suppose  that  all  the  mica  transported  to 
the  Seaton  beds  was  sufficiently  rich  in  titanic  acid  to  furnish  the 
titanium  dioxide  for  the  rutile.  The  titaniferous  mica  was  probably 
only  one  of  several  species  of  mica  transported  to  Seaton;  and  if  so, 
each  species  may  have  been  characterized  by  a  size  of  flake  peculiar 
to  itself.  But  apart  from  the  question  of  habit,  differences  in  the 
size  of  the  flakes  may  have  resulted  from  another  cause.  Mr. 
Hutchings  found  three  species  in  his  fireclay ;  muscovite,  biotite, 
and  a  yellow  to  green  species  containing  rutile-needles.  No  evidence 
has  been  adduced  to  show  that  all  three  species  came  from  the  same 
parent  rock.  They  may,  therefore,  have  come  from  different  areas, 
and  the  differences  observed  in  the  size  of  the  flakes  may  be  the 
measure  of  the  distances  travelled  by  the  different  species. 

The  circumstance  that  rutile-needles  were  not  found  in  the 
muscovite  or  in  the  biotite  may  be  owing  to  the  fact  that  these 
micas  do  not  contain  sufficient  titanium  dfoxide ;  and  I  fail  to  see 
what  bearing  the  absence  of  rutile  from  the  muscovite  and  biotite 
has  on  the  points  at  issue,  viz.  whether  the  rutile  and  the  yellow 
mica  are  of  clastic  or  secondary  origin,  and  if  secondary,  whether 
their  genesis  is  due  to  ordinary  aqueous  or  to  dynamic  agencies. 

If,  for  sake  of  argument,  we  admit  that  the  rutile  is  of  secondary 
origin,  can  we  be  sure  that  any  of  the  species  of  mica  found  in  the 
fireclay  was  the  mother  of  the  rutile?  Without  disputing  Roth's 
conclusion  that  the  '*  separation  of  the  titanic  acid  of  weathered 
micas  as  rutile  is  often  enough  observed,"  it  seems  desirable  to  call 
attention  to  the  fact  stated  by  Mr.  Hutchings  that  '*  micaceous 
ilmenite"  is  ''rather  abundant"  in  his  fireclay.  May  not  this 
mineral  have  supplied  the  titanic  acid  for  the  rutile  ?  The  fact  that 
aome  of  the  needles  of  rutile  are  found  between  the  mica  '^fiakelets" 
does  not  negative  this  suggestion,  because  capillary  action  is  a  potent 
factor  in  such  cases.  There  is  no  evidence  in  Mr.  Hutchings'  paper 
to  show  that  any  of  the  mica  of  the  fireclay  contains  titanic  acid, 
whereas  we  know  that  ilmenite  contains  a  large  amount — sometimes 
as  much  as  59  per  cent. — of  titanium  dioxide. 

Lastly,  I  would  suggest  that  if  the  yellow  species  of  mica  and  the 
rutile  are  really  secondary  minerals,  they  are  products  of  ordinary 
aqueous  action.  I  think  it  will  probably  be  admitted  that  the  fire- 
clay of  the  Coal-measures  was  laid  down  in  water.  If  so,  the  soft 
mud  of  which  it  was  originally  composed  must  have  contained  much 
interstitial  water.  What  has  become  of  this  water  ?  May  we  not 
assume  that  much  of  it  was  used  up  in  chemical  actvoxi  oxv  \.V\^  ^s^sX-^ 
triturated  minerals  of  which  the  solid  poTliou  oi  Wi^  \xv\\^  ^%& 
composed?    The  water,  unless  it  differed  fioxn  iti.  oOo^et  xVs^^  «sA 
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wliieh    we    have    knowleilge,    must    have   coatoined 
carbotiio  aci^,  ani)    olher   jiotent   cliemical    reagents. 
eve  tbat  these  active  reageDls  eat  slili  and  did  nothing 

upon  thousHnds  of  years  until  at  the  end  of  wons 
luorphiBtn,  like  a  muitcular  pedagogue  with   a  lung 

warm  tlietn  into  action  ? 

[ocBHB  CosTiNKNTAL  SUBSIDENCE  (in  Amkeioa)  oeMtl* 
Glacial  Dahs. 

J.  W.  Spincbk.  M.A..  Pli.D.,  F.G.S.  L.  ond  A. 

g  interest  in  the  evolution  of  the  Continent  now  calls 

1  accuraie  information  than  formerly   regarding  the 

el  of  Und  and  sea  in  recent  geological  times.     The 

■se  OBcillations  was  one  of  the  most  important  factors 

;ation  of  the  '■  Building  of  the  Great  Lakes."     Henoa 

le  history  of  the  lakes  has  contributed  to  our  know- 

<anging  relations  of  the  continent  and  the  sea. 

dy  of  the  suhmerged  channels  along  the  American 

poch  or  epochs  intervening  between  the  middle  Mio- 
■sriy  Pleistocene  periods.'     The  elevation  of  the  land 
1  thousand  feet  higher  than  now,  and  probably  reacbeil 
e  to  over  five  thousand  feet. 
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has  been  lifted  over  600  feet  above  its  own  elevation  at  the  head  of 
Lake  Ontario.^  By  another  series  of  deformed  shore-lines,^  it  has  been 
found  that  the  Iroqaois  Beaoh  at  the  head  of  the  lake  has  been  lifted 
its  own  height  above  the  sea.  Hence  there  is  measured  proof  that 
the  northern  side  of  the  Adirondacks  has  been  recently  elevated  a 
thousand  feet,  or  that  it  was  recently  a  thousand  feet  lower  than 
now.  The  initial  point  of  this  movement  was  near  the  head  of 
Lake  Michigan.  Its  maximum  deformation  occurs  in  the  Adiron- 
dacks, and  amounts  to  six  feet  per  mile.  Whether  this  rise  con- 
tinues to  the  Atlantic,  or  is  transformed  into  a  depression,  or  is 
faulted  east  of  the  mountains,  remains  a  question  to  be  determined. 
Only  fragments  need  be  looked  for  east  of  the  region  already  ex- 
plored, for  the  deserted  shore  has  been  traced  into  a  region  of 
broken  mountains  and  wilderness. 

Three  hundred  feet  above  the  Iroquois  plain  the  Algonquin  Beach 
of  the  Huron  basins  is  located.'  In  it  there  is  a  similar  deformation 
to  that  recorded  in  the  Iroquois  shore,  but  the  initial  point  of  the 
warping  is  beyond  the  head  of  Lake  Michigan.  With  the  deforma- 
tion continuing  to  the  north-east,  it  would  appear  that  the  Laurentian 
Mountains  north  of  the  Great  Lakes  were  very  much  depressed 
during  the  Algonquin  episode.  The  evidence  of  the  formation  of 
tbe  Algonquin  Beach  at  sea-level  has  already  been  collected/ 

Whilst  there  is  great  deformation  recorded  in  the  higher  beaches, 
the  surveys  of  these  more  broken  geological  records  do  not  enable 
us  to  trace  the  shore-lines  down  to  sea-level,  as  in  the  case  of  the 
Iroquois,  and  to  nearly  as  perfect  an  extent,  the  Algonquin  Beach. 
Consequently,  it  is  necessary  to  rely  more  fully  upon  the  perfection 
of  the  structure  of  the  deserted  shores,  and  upon  their  positions, 
which  would  preclude  their  formation  in  confined  lakes.  Such 
conditions  exist  in  Ontario,  Michigan,  and  Ohio,  where  extensive 
surveys  have  been  made. 

The  lower  of  these  shores,  as  the  Ridgeway  Beach,'  like  those 
before  named,  were  formed  about  bodies  of  water  which  opened 
only  to  the  north  or  east.  But  ascending  a  little  higher,  the 
Maumee  Beach*  occurs  at  altitudes  which  permitted  its  formation 
in  water  having  free  communication  with  the  Ohio  and  Mississippi 
valleys  by  two  depressions.  Above  this  plain  there  are  higher 
gravel  terraces  and  plains  in  Michigan,  and  elsewhere,  notably 
those  between  Kalamazoo  and  Marshall,  with  an  elevation  of  a 
little  more  than  900  feet  above  the  sea.  From  them  the  country 
falls  away  by  steps  towards  the  lakes ;  but  the  sheet  of  water  which 
they  once  bounded  had  at  least  five  connexions  with  the  drainage 

^  '*The  Deformatioii  of  Iroqaois  Beach  and  Birth  of  Lake  Ontario,"  by  J.  W. 
Spenoer,  Amer.  Jonm.  Set  vol.  xL  1880,  pp.  443-451. 

*  Ibid.  p.  447. 

'  **  Deformation  of  the  Algonauin  Beach  and  Birth  of  Lake  Huron,"  hy  J.  W. 
Spencer,  Amer.  Journ.  Sci.  vol.  xli.  1891,  pp.  12-21. 

*  Jbirl.  p.  21. 

^  "  High  Level  Shores  in  the  Region  of  the  Great  Lakes  and  their  Deformation,** 
by  J.  W.  Spencer,  Amer.  Journ.  Sci.  vol.  xli.  1891. 

*  Ibid, 
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of  the  Mississippi  system.'  Other  higher  terraoee  aboat  more 
insular  points  are  fonnd  in  the  same  region,  and  farther  north  in 
Michigan  they  are  said  to  occur  at  the  summit  of  the  highest  land 
east  of  Grand  Traverse  Bay  at  1682  feet  above  tide. 

In  Ontario  there  are  well-marked  sea-cliffs  carved  out  of  the 
Niagara  escarpment,  as  westward  of  Gollingwood,  eepedally  at 
elevations  of  from  1200  to  1425  feet  above  the  sea.  At  various 
intervals,  between  the  plain  of  the  Algonquin  Beach  and  the  highest 
land  of  the  peninsula — 1709  feet — there  are  also  terrace  and  beach 
deposits  moidded  out  of  the  drifL  These  remnants  of  shores  are  seen 
to  ¥rithin  20  feet  of  the  highest  point  of  land.  The  shore-markings 
of  these  elevated  lands  are  rendered  more  certain  by  the  perfectly 
water-worn  stones,  and  the  extent  of  the  beach  and  terrace  structure. 
The  sea-cliffs  are  too  deeply  graven  to  represent  evanescent  coast- 
lines. But  all  of  these  records  are  interrupted  owing  to  the  topo- 
graphy of  the  country,  erosion  by  atmospheric  agencies,  and  the 
recent  Pleistocene  deformation  of  the  region. 

Some  of  the  positions  of  the  surveyed  coast-lines  have  been 
mapped ;  for  a  detailed  list  of  localities  reference  should  be  made 
to  **  High  Level  Shores  in  the  Region  of  the  Great  Lakes,  and  their 
Deformation.** 

Again,  at  Dog  Lake,  north  of  Lake  Superior,  Professor  H.  Y. 
Hind  observed  terraces  at  1425  feet  above  the  sea.' 

After  allowing  for  all  the  measurable  Pleistocene  and  recent 
deformation  of  the  region,  these  elevated  shores  stand  out  so  high 
above  every  natural  barrier,  even  far  away  to  tite  south  as  well  as 
to  the  north,  that  their  occurrence  demands  explanation  by  other 
than  local  causes. 

The  highlands  of  the  Ontario  peninsula  do  not  form  Nilonieters 
reaching  more  than  1700  feet  above  the  sea;  but  in  Potter  County, 
Western  Pennsylvania,  100  miles  south  of  Lake  Ontario,  they  develof»e 
a  watershed  reaching  to  2680  feet  above  tide,  with  tbe  Genesee 
river  flowing  north  to  Lake  Ontario ;  the  Alleghany  to  the  Ohio 
river;  and  Pine  Creek  to  the  Susquehanna.  About  the  highest 
flattened  knob,  of  only  a  few  acres  in  extent,  and  rising  to  within 
twenty  feet  of  its  summit,  there  is  a  ridge  of  small,  well  water- 
worn  gravel,  nearly  free  from  sand.  Mr.  Carvell  Lewis  speaks  of 
it  as  kame-like,'  but  its  structure  and  form  is  not  different  from  that 
which  may  be  true  beach.  This  is  emphasized  by  the  occurrence 
of  a  zone  of  boulders  fonuing  a  pavement  a  few  feet  below  the 
gravel  ridge — a  feature  so  commonly  developed  in  front  of  the 
deserted  beaches  of  the  Lake  region.  This  gravel  ridge  rests  upon 
the  highest  point  of  land  at  the  very  front  of  the  "terminal 
moraine  "  of  Mr.  Lewis,  with  the  land  declining  to  the  north,  as 
well  as  falling  away  to  the  south.  These  gravels  form  a  superior 
deposit  resting  upon  "  till "  charged  with  angular  shingle  of  local 

*  Cited  before. 

'  **  Aamniboine  and  Saskatchewan  Expedition,'*  1869,  p.  120. 
'  "A   Terminal    Moraine,"    by  H.    C.    Lewis,    Gteol.    Surrey  Pennsylvania, 
JHept.  Z,  p.  143. 
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Carboniferous  sandstones,  and  it  is  out  of  this  material  that  the 
pebbles  were  formed. 

There  are  similar  superficial  gravels  on  other,  but,  of  course, 
inferior  knobs  along  the  very  foremost  portions  of  the  ''terminal 
moraine."  But  the  drainage  from  these  ridges  is  to  the  north, 
and  Mr.  Lewis  emphasized  the  fact  that  there  is  no  drift  in  the 
small  streams  flowing  to  the  south.  The  theoretical  importance  of 
this  observation  will  be  noted  later. 

Besides  these  highest  of  all  the  superficial  gravels,  south  of  the 
Great  Lakes,  which  I  have  examined,  I  have  also  visited  the  high 
terraces  of  the  Genesee  River  flowing  northward  from  the  deposits 
just  described.  Here  several  pauses  in  the  receding  waters  are 
recorded.  These  are  notable  from  an  elevation  of  1900  feet  down- 
ward. At  this  named  high  altitude  the  valley  is  nearly  a  mile 
wide,  and  now  250  feet  below  the  terrace.  Our  knowledge  of 
these  elevated  and  disconnected  water  deposits  is  yet  very  scanty, 
but  certainly  very  suggestive,  when  supplementing  the  surveys 
of  the  lower  coast- markings  in  the  lake  region. 

A  very  interesting  terrace  remains  in  a  valley  three  or  four  miles 
to  the  east  of  Horseheads,  New  York.  The  altitude  of  the  terrace  is 
1200  feet  above  tide,  whilst  the  gravel -covered  floor  of  the  valley, 
at  Horseheads,  is  only  900  feet.  This  last  valley  is  over  a  mile 
wide,  and  is  that  connecting  the  trough  of  Seneca  Lake  with  the 
Susquehanna  Valley. 

Similar  elevated  terraces  have  been  noted  by  Prof.  L  C.  White 
along  the  higher  Potomac  Valley  facing  the  Atlantic,  and  along  the 
adjacent  tributaries  of  the  Monagahela,  which  drains  to  the  west- 
ward. These  deposits  he  notes  up  to  an  elevation  of  1675  feet 
above  the  sea,  and  175  feet  above  the  valley,  along  a  tributary  creek 
above  St.  George,  W.  Va.* 

At  Nachvak,  in  Labrador,  Dr.  Robert  Bell  found  beaches  of  great 
distinctness  at  1500  feet  above  the  sea.  Gravel  and  shingle  terraces 
were  also  found  to  an  estimated  height  of  2000  feet.' 

It  has  already  been  noted  that  the  differential  rise  of  the  Iroquois 
Beach,  north  of  the  Adirondack  Mountains,  amounts  to  six  feet  per 
mile,  and  that  it  has  there  been  lifted  to  a  thousand  feet  If  this 
rise  continue  to  the  White  Mountains,  then  the  equivalent  of  the 
Iroquois  Beach  may  be  found  amongst  the  terraces  of  the  high 
valleys  in  that  region.  Its  records  may  be  preserved  still  further 
north-east,  on  the  drift-covered  sides  of  Mount  Katahdin,  in  Maine. 
Mount  Desert,  on  the  coast  of  Maine,  rises  to  1500  feet,^  and  shows 
remnants  of  coast  action  to  its  summit  (Shaler) ;  consequently,  it  is 
too  low  to  bear  records  of  the  Iroquois  shore,  unless  the  warping  at 
the  earth's  crust  becomes  one  of  depression  east  of  the  Adirondacks. 

In  Ontario,  some  of  the  high  shores,  referred  to  above,  occur  at 

^  •*  Rounded  Boulders  at  High  Altitudes,**  by  I.  C.  White,  Amer.  Joum.  Sc. 
Tol.  ixxviii.  1887. 

2  Rept.  Geol.  Surv.  Canada,  1885,  DD,  p.  8,  and  Bull.  Geol.  Soc.  Amer. 
Tol.  i.  p.  308. 

»  ''Oeol.  Mount  Desert/'  by  N.  S.  Shaler,  Rept.  TJmted  Sta^wa  QeoV  %vmwc^^ 
ms,  p.  993. 


266      Dr.  J.  W.  Spencer— SuhMmiee  termu  QJaeiai  Darn^. 

elevations  of  a  thouMod  feet  above  the  Iroqaois  plain ;  therefore 
their  eqnivalents  in  the  northern  AdirondackB  ehoald  be  looked  for 
at  about  2000  feet  above  tide.  The  beaches  reported  in  Vermont 
by  Prof.  Hitchcock,'  at  or  below  2300  feet,  doabtleaa  correspond  to 
some  high  shore-lines  of  the  Ontario  peninsala.  Upon  the  same 
basis,  these  high  beaches  should  be  looked  for  at  3000  feet  in  the 
"White  MonntainSy  and  at  greater  elevation  on  Mount  Katahdin,  in 
Maine. 

If  we  regard  the  gravels  of  the  highlands  of  Pennsylvania  as 
having  been  formed  at  sea-level,  then  it  would  be  leasoni^le  to  look 
for  their  counterpart  at  elevalions  of  over  4000  feet  on  Mount 
Washington,  in  New  Hampshire,  and  to  the  summit  of  the  drift 
(4400  feet)  on  Mount  Katahdin.  These  conjectural  estimates,  based 
upon  a  possible  uniformity,  may  aid  in  the  correlation  of  the 
topographic  features  of  the  mountain  region  of  the  east  and  of  the 
lake  region. 

As  far  as  relates  to  the  north-eastern  portion  of  the  continent, 
our  observations  on  Neptunian  phenomena  have  now  been  epito- 
mized. An  explanation  is  necessary.  That  the  pebbles  of  the 
beaches  and  the  shore-lines  were  the  results  of  wave  or  current 
action  no  one  questions,  but  there  are  differences  of  opinion  as  to 
the  conditions  under  which  the  waters  moulded  their  coast-lines. 
AVere  these  deserted  shores  constructed  at  sea-level,  or  were  they 
moulded  in  glacial  lakes?  These  are  the  theoretical  questions 
before  us. 

The  difficulties  which  the  sea-level  theory  present  to  some  minds 
may  be  stated  to  be — (a)  a  great  regional  depression  of  the  continent; 
(b)  the  absence  of  absolute  continuity  of  the  beaches;  (c)  the 
abHence  of  marine  organ inms  in  the  baches ;  and  (d)  the  personal 
equation  of  theoretical  views.  On  the  other  hand,  the  theory'  of 
glacial  dams  presents  such  obstacles  that  their  value  will  be  con* 
sidered  at  length. 

The  idea  of  the  hydrostatic  stability  of  the  continent  must  not  be 
too  strongly  relied  upon,  for  the  evidence  adduced,  showing  that  the 
continent  lately  stood  three,  or  even  temporarily  at  six  thousand  feet 
higher  than  now,  appears  conclusive.  Such  mobility  of  the  earth's 
crust  being  established,  there  appears  no  reason  why  the  terrestrial 
pendulum  could  not  have  moved  equally  in  the  opposite  direction, 
and  carried  down  the  highlands  of  Pennsylvania  to  nearly  three 
thousand  feet,  or  those  of  New  England  to  twice  this  depth.  The 
objections  to  such  subsidence  could  only  be  based  upon  its  magni- 
tude, which  observations  must  settle. 

llie  absence  of  the  continuity  of  the  shore-markings  is  an 
objection  only  to  a  limited  extent.  Part  of  the  reported  absence 
arises  from  the  imperfections  in  the  explorations,  owing  to  their 
changing  character;  the  local  non-formation  of  beaches,  as  described 
in   a  previous   paper;'    the   failure   of  identification  of  separated 

'  Geologj  of  Vermont. 

'  **  Ancient  Shores,  Boulder  Pa^emente,  wi^  "^\^-\«hA  CiTwrel  Deposits  in  tbe 
Region  of  the  Great  Lakes,**  b;y  J.W.  Bpeiiwt,^>j^. ^i^^V  ^Q<t.  kn«t.^^\!u\&^Q> 
pp.  77. 
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points,  owing  to  subsequent  terrestrial  deformation ;  and  the  inter- 
ruptions occasioned  by  topographic  features  and  subsequent  obliter- 
ation by  erosion.  Ail  of  these  difficulties  are  greatest  in  the  higher 
regions,  for  there  the  beaches  must  be  looked  for  amongst  islands 
and  detached  mountain  knobs. 

The  absence  of  marine  remains  seems  perhaps  the  greatest  obstacle 

to  the  acceptance  of  a  sea-level  formation  of  the  beaches,  as  marine 

organisms   are   found  only  up  to  520  feet^     But  the  Pleistocene 

gravels  occur  in  Greorgia  and  Alabama,  in  positions  facing  the  sea, 

at  altitudes  of  700  or  800  feet,  and  higher  up  the  greater  valleys  at 

1500  feet,'  without  their  containing  any  marine  remains.     Even 

where  marine  Pleistocene  beaches  occur  on  the  coast  of  Norway, 

there  are  very  few  localities  where  shells  are  found.     How  many  of 

the  older  geological  formations  are  unfossiliferous  ?     How  many 

of  those  ancient  beach  deposits  now  represented  by  conglomerates, 

porous   sandstones,  and,  indeed,  many  clays,  are  entirely  barren  ? 

Under  such  conditions  have  we  a  right  to  pronounce  judgment  on 

the  freshness  of  waters  based  on  the  absence  of  aqueous  organic 

remains?    This  question  will  be  referred  to  again  in  considering 

the  glacial  dam  theory. 

As  to  the  personal  equation,  it  ought  not  to  pass  beyond  the  limit 
of  conservatism  into  the  province  of  obstruction:  but  it  is  quite 
proper  that  it  should  be  considered ;  for,  as  Prof.  Q^ikie  has  said, 
when  controversy  ceases,  the  interest  in  the  investigation  declines. 

Glacial  lakes  are  of  two  kinds,  those  whose  waters  are  retained 
by  morainic  barriers,  and  others  sustained  by  ice  barriers  alone. 

The  former  class  is  represented  in  several  valleys  in  the  Alps, 
where  lateral  glaciers  enter  and  cross  greater  valleys;  sometimes 
the  glacier  carries  its  lateral  moraine  across  the  valley,  and  builds 
a  more  or  less  permanent  earth  dam.  Such  lakes  remain  long  after 
the  glacier  has  melted  away,  and,  even  when  drained,  show  evidence 
of  their  origin.  A  consideration  of  this  class  of  glacial  lakes  does 
not  enter  into  the  subject  of  this  paper. 

In  Switzerland,  Greenland,  and  Alaska,  other  glacial  dams  are 
now  well  known.  These  are  retained  by  the  ice  alone.  When 
glaciers,  free  from  morainic  materials,  descend  lateral  valleys,  and 
cross  other  valleys,  they  do  not  obstruct  the  river,  for  it  continues 
to  flow  beneath  the  ice.  However,  there  are  many  places  where 
glacial  lakes  occur  between  the  ice  and  the  sides  of  the  valleys ; 
especially  is  this  the  case  where  two  glaciers  meet  at  the  end  of 
a  mountain  spur,  like  Lac  Tacul  in  Switzerland.  Small  glacial  lakes 
sometimes  occur  where  lateral  valleys  unite  with  the  glacial-filled 
channel,  like  the  Marjelen  See.  All  modem  glacial  lakes  are  of 
small  size.  One  of  the  largest  lakes  described  in  Greenland  is  not 
over  three  or  four  miles  long,  and  a  mile  wide.' 

Such  lakes,  when  they  exist  above  sea-level,  are  evanescent.  Mr. 
H.  Topham  described  some  glacial  lakes  of  Alaska  which  discharge 
by  a  tunnel  eight  miles  long,  under  500  feet  of  ice/     Mr.  I.  G. 

^  At  Montreal.  *  On  the  Upper  Etowah  River  of  Georgia. 

'  Hedellelser  cm  Groenland.  *  Proc.  Eoy.  Geogr.  8oc.  1888,  ^.  424. 
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wonld  bave  been  600  or  700  feet  beneatb  the  surface  of  the  water. 
The  drainage  must  have  been  under  the  ice,  and  have  amounted 
to  a  discharge  equal  to  that  of  the  modern  Detroit  River,  as  the 
drainage  of  Lake  Superior,  Lake  Michigan,  and  Lake  Huron  basins 
would  have  been  thus  borne  seaward,  descending  300  feet  to  the 
level  of  the  Iroquois  water.  Under  such  conditions,  the  question 
may  be  asked,  how  could  the  lake  surface  be  retained  long  enough 
at  any  level  to  carve  out  the  deeply-graven  water-lines  and  terrace- 
plains  of  the  Algonquin  Beach,  in  place  of  the  discharging  waters 
melting  away  the  icy  barriers,  which  were  supposed  to  have  been 
the  means  of  retaining  the  lake  300  feet  above  the  level  of  the 
Iroquois  waters? 

We  now  rise  to  the  shores  which  bounded  the  Warren  water. 
These  have  been  explored  from  Lake  Michigan  to  New  York,  and 
to  north-east  of  Toronto,  upon  the  Ontario  peninsula.  Upon  the 
glacial  dam  theory,  this  sheet  of  water  would  need  a  barrier  to  the 
north  as  well  as  to  the  east  The  drainage  of  the  lake,  at  all  stages 
from  the  Ridgeway  Beach  downward,  was  to  the  north-east,  and 
beneath  a  greater  mass  of  ice  than  in  the  case  of  the  Algonquin  or 
the  Iroquois  water.  But  above  the  Ridgeway  Beach,^  at  the 
Maumee  level,^  there  were  outlets  across  Ohio  and  Illinois,  if  it  were 
a  lake.     The  difficulties  are  increasing. 

The  shore  markings  occurring  near  Kalamazoo,  at  about  900 
feet  above  tide,  represent  a  sheet  of  water  having  at  least  five 
outlets  across  Ohio  and  Illinois. 

Again,  the  sea-cliffs  of  the  Ontario  peninsula,  at  from  1200  to 
1425  feet  and  more,  and  the  beaches  now  found  up  to  1689  feet, 
would  demand  great  dams  to  the  south  as  well  as  to  the  north.  But 
such  dams  could  scarcely  have  existed,  with  open  waters  carving 
out  Bea-clifi*8  and  terraces  on  the  high  peninsula  of  Ontario,  and 
also  leaving  records,  200  miles  to  the  south.  It  should  be  noted 
that  gravel  deposits  of  the  so-called  knme  and  dsnr  stnictures  occur 
at  all  high  levels,  but  of  these  I  do  not  take  cognizance. 

The  drainage  of  this  high  country,  such  as  the  Genesee  valley, 
with  terraces  up  to  1900  feet  or  more,  and  of  the  "terminal 
moraine  "  up  to  2680  feet,  was  toward  the  north  without  obstruction. 

Ascending  now  to  Potter  County,  we  find  the  gravel  ridge  at 
2660  feet,  on  the  very  edge  of  the  highest  knob  of  the  **  terminal 
moraine."  This  high  point  could  not  have  stood  out  of  the  ice  as 
a  Greenland  Nunatak,  with  a  lake  around  it,  for  it  is  at  the  margin 
of  the  drift,  and  glaciers  do  not  deposit  their  terminal  detritus  within 
the  ice,  but  at  their  very  margins.  It  seems  impossible  to  conceive 
a  glacial  mass  retaining  a  lake  about  this  flattened  knob,  even  if  the 
country  were  submerged  to  almost  sea-level. 

There  are  other  similar  deposits  on  adjacent  summits.  Again, 
had  a  glacier  existed  on  the  top,  or  on  the  southern  side  of  this 
"moraine"  ridge,  its  melting  ice  must  have  carried  great  quantities 
of  drift  into  the  valleys  to  the  south,  which  neither  Mr.  Lewis  nor 

*  "  High  Level  Shores  in  the  Region  of  the  Great  Lakes  and  their  Deformation," 
by  J.  W.  Spencer,  Amer.  Joum.  Sci.  vol.  ill.  1891.  -  Ibid, 
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I  have  teen.  Bat  the  drainage  was  to  tbe  nortb,  into  the  hypo- 
thetical glacier,  which,  if  it  permitted  subglacial  drainage,  coald 
Bcarcely  have  formed  lakes. 

Under  these  conditions  fairly  stated,  I  think,  whether  is  it  easier 
to  accept  a  great  subsidence  of  the  continent  to  nearly  2700  feet,  in 
Western  Pennsylvania,  or  account  for  the  phenomena  by  glacial 
dams,  formed  on  land,  vastly  lower  to  the  north. 

Indeed,  the  great  deformation  of  the  lake  region  bad  scarcely 
begun,  and  consequently  even  the  modem  highlands,  north  of  the 
great  lakes,  were  then  very  much  lower  than  now,  when  compared 
with  the  region  to  the  south.  I  cannot  hesitate  in  forming  a  con- 
clusion that  the  evidence  is  in  favour  of  a  late  continental  subsidence, 
rather  than  of  hypothetical  glacial  lakes,  hundreds  of  miles  long 
and  broad,  like  nothing  ever  seen,  which  coald  not  answer  the 
requirements. 

I1ie  difficulty  in  accepting  the  subsidence  without  the  occurrence 
of  marine  shells  has  in  part  been  pointed  out  But  their  absence  in 
the  lower  beaches  may  be  accounted  for,  in  part,  by  tbe  sheets  of 
water  being  more  or  less  cut  off  from  the  sea,  and  receiving  great 
quantities  of  fresh  water.  This,  however,  will  not  explain  tbeir 
absence  on  the  higher  beaches.  The  varying  climatic  conditions  of 
tbe  water,  and  the  changes  of  level,  destroying  the  life,  and  too 
rapid  to  allow  of  remigration,  may  in  part  account  for  the  absence  of 
organisms  in  the  shore-lines. 

The  record  of  subsidence  deciphered  in  the  high  shore-lines  of  the 
lake  region  is  supported  by  the  observations  of  Dr.  G.  M.  Dawson, 
Mr.  R.  G.  McConnell,  and  others,  on  the  mountains  rising  above  the 
great  plains  of  North-Western  Canada,  and  on  the  mountains  be- 
tween there  and  the  Pacific  Coast.  Dr.  Dawson*  finds  gravel 
terraces  upon  high  sides  of  the  Rocky  Mountains  facing  the  east, 
in  position  showing  their  origin  not  to  have  been  river- terraces. 

From  extensive  observations  Dr.  Dawson  concludes  that  the 
Pleistocene  submergences  amounted  to  4000  or  5000  feet  in  the 
region  of  the  International  Boundary  (49th  parallel),  whilst  in 
Alaska  it  did  not  exceed  2500  or  3000  feet  He  also  hypothecates 
two  episodes  of  submergence,  the  latter  being  less  extensive  than 
the  former.  Further,  he  regards  the  elevation  and  subsidence  of  the 
great  plains  and  western  mountains  as  alternating,  and  that  tbe  drift 
materials  of  the  plains  were  deposited  at  sea-level. 

Mr.  R.  G.  McConnell  informs  us  that  on  Cypress  Hills,  with  an 
altitude  of  4800  feet,  the  drift  does  not  rise  above  4400  feet.  A 
hundred  and  fifty  miles  to  tbe  north-west  tbe  drift  is  not  found 
above  3400  feet  on  Hand  Hills  (Tyrrell).  But  south  of  the  Cypress 
Hills,  near  the  47th  parallel,  drift  occurs  up  to  4660  feet  on  ITiree 
Biittes  (Dawson).  From  these  figures  Mr.  McConnell  shows  a 
differential  level  of  7*2  feet  per  mile,  the  elevation  being  greater 
nearer  the  49th  parallel.' 

^  **  Later  Physiograpliical  Geology  of  the  Rocky  Monntain  Re^on  in  Canada, 
with  Special  Reference  to  Changes  in  the  Elevation  and  the  History  of  the  Glacial 
Period,"  Trans.  Roy.  Soc.  Canada,  1890. 

*  Geological  Survey  of  Canada,  Report  for  1885. 
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In  the  east,  the  history  of  the  changes  has  not  been  fally  de- 
ciphered. Erratics  occur  on  the  top  of  Mount  Washington  to 
6300  feet,  whilst  on  the  top  of  Mount  Katahdin,  in  Maine,  they 
ocoar  to  only  4400  feet  (Upham).  Conforming  with  Dr.  Dawson's 
Tiew3,  as  applied  to  the  west,  we  have  a  greater  rise  in  the  White 
Monntains  than  eastward.  The  altitude  of  beach  formation  in  the 
highlands  of  Labrador  (1500  to  2000  feet)  shows  the  recent  uplift 
to  have  been  less  than  in  New  England. 

Combining  the  movements  of  the  east  and  the  west,  it  would 
appear  that  the  great  Pleistocene  uplift  reached  its  maximum  along 
a  line  between  the  Gulf  of  the  St.  Lawrence  and  Vancouver  Island, 
rather  than  in  higher  latitudes.  The  youthfulness  of  the  northern 
topographic  features  shows  that  the  elevation  of  the  lands  in  the 
higher  latitudes,  above  the  base-level  of  river- erosion,  has  taken 
place  in  recent  geological  times ;  for  there  is  a  lack  of  such  great 
canons  in  the  country  to  the  north  of  the  great  lake  zone,  as  occur 
in  the  region  to  the  south  of  it. 

If  the  subsidence  of  the  northern  portion  of  the  continent  appears 
to  have  been  great,  that  of  Barbadoes  to  the  south-east  appears  to 
have  been  greater,  for  Messrs.  J.  B.  Harrington  and  A.  J.  Jukes- 
Browne,'  have  pointed  out  that  there  are  on  the  island  oceanic 
deposits  resting  upon  beds  of  sandstones  and  shales  of  probable 
Miocene  age,  and  beneath  coral  formations  of  age  not  greater  than 
the  Pleistocene.  These  deposits  indicate  an  origin  of  not  less  than 
a  thousand  fathoms,  and,  as  Mr.  Jukes-Browne  points  out,  probably 
of  vastly  greater  depth.  This  geologically  recent  subsidence  was 
likely  to  have  been  synchronous  with  that  of  the  north,  but  may 
have  been  one  of  those  alternating  conditions  hypothecated  by 
Dr.  Dawson. 

The  fjords  of  the  coast  of  Norway  show  that  the  Scandinavian 
peninsula  stood  4000  feet  higher  than  now.  The  silts  and  terrace 
deposits  at  3000^  feet  point  to  a  subsidence  of  that  region,  the  same 
as  similar  deposits  in  the  mountains  of  America. 

The  deep  submerged  channels  south  of  Asia,  like  that  of  the 
Ganges,  which  is  3570^  feet  deep,  point  to  a  recent  submergence  to 
that  amount  But  such  deep  channels  are  not  known  in  the  north 
of  Asia,  consequently  the  higher  latitudes  do  not  show  a  great 
amount  of  recent  depression.  The  Pliocene  deposits  of  Sicily,  at 
3000  feet,  demonstrate  a  recent  elevation. 

Pliocene  deposits  in  the  south-east  of  England  are  now  found  at 
600  feet  above  tide.  Their  counterparts  at  Utrecht  have  been  shown 
by  Mr.  Clement  Reid  to  be  now  submerged  more  than  1143  feet.* 

The  oft-quoted  Moel  Tryfaen  deposits,  in  north-western  Wales, 
contain  marine  shells  at  1400  feet,  with  similar  but  unfossiliferous 
beds  rising  to  nearly  2000  feet.  These  deposits,  which  I  have 
visited,  I  consider  to  have  been  formed  where  found.     But  they  do 

*  Geology  of  Barbadoes,  1890. 

'  "  High- Level  Terraces  of  Norway,"  by  J.  R.  Dakyns,  Gbol.  Mao.  1877,  p.  72. 
»  Brit.  Admiralty  Chart,  No.  70. 

*  "Nature,"  August  12,  1886,  p.  342. 
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i.'iK'ly    l)»*en   rcportrfl.      All    of    tli 
modern  i^eolo^^ical  times  there  havi 
the  earth's  crust  to   move   to  am 
have  greatly  modified  the  physical 
distribution  of  life. 


VII. — Thb  Effect  of  Skdimentat 

Earth's 

^  I  {  BjT.  Mbllard  Rbab 

^T^  ^  lUr^  letter  in  the  March  Numb 

>  I  jVJL     asking  for  a  description  of 

^  of  Mountain  formation,  appears  to 

"  Note  on  the  Expansion  Theory  of 

he  favours  us  with  his  definition  c 

the  theory  of  terrestrial  evolution  wl 

the  *  expansion  theory.*  ** 

Whether  this  fundamental  concept 

1 1  sohel-Babbage "   theory   is  not  stat* 

Davison  for  putting  his  views  on  tl 

(  of  examination  and  discussion.     To  r 

have  to  repeat  Mr.  Davison's  own  wc 

"Masses   of  sediment   laid   down 

gradually  lowered  to  regions  of  the  e 

temperature  than  that  in  which  they 

being  heated,    expands,   is   cruinple< 

bulging  up  at  the  surface,  is  reduce( 

a    mountain-chain."*     On   which   tl 

made.     "  It  is  obvious  that  the  heat 
the   ReHimo»^«-   — 
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rook  woald  withdraw  part  of  the  heat  from  the  hotter  till  an  eqaality 
of  temperature  was  reached.  But  this  is  not  what  takes  place ;  the 
subsiding  rock  does  not  come  into  contact  with  strata  at  a  higher 
temperature. 

So  far  from  heat  being  withdrawn  laterally  and  from  below,  the 
general  outflow  of  heat  is  checked  in  the  areas  where  sediments  are 
being  laid  down.  In  these  areas  the  sphere  is  losing  Ubb  heat  than 
where  the  surface  continues  in  a  normal  condition.  A  portion  of 
the  heat  that  would  otherwise  escape  into  space  is  being  used  up  in 
heating  the  sediment 

Mr.  Davison  seems  to  have  had  a  glimmering  of  this  truth  before 
completing  his  "  Note/'  for  the  last  paragraph  but  one  is  entirely 
'  opposite  and  contradictory  to  the  preceding  which  I  have  quoted. 

Unfortunately  the  effect  has  not  been  to  compel  him  to  withdraw 
the  erroneous  view,  but  to  attempt  to  minimize  the  dynamical  effect 
of  the  true  one.  Having  dealt  pretty  freely  with  the  quantitative 
problems  in  my  ''  Origin  of  Mountain  Ranges/'  I  do  not  propose  to 
enter  upon  this  phase  here. 

To  say  that  the  sediment  piled  up  in  an  earth  trough  "  mthdrawB  " 
heat  from  the  underlying  strata  is  about  as  correct  as  to  maintain 
that  covering  a  steam-boiler  with  felt  withdraws  heat  from  it.  To 
give  an  illustration  ;  if  the  valley  of  the  Dead  Sea  were  levelled  up 
with  sediment,  the  underlying  rocks  would  be  raised  to  a  tempera- 
ture dependent  upon  the  thickness  of  the  sediment  and  its  coefficient 
of  conductivity.  The  raising  of  the  temperature  of  a  body  is  not 
usually  considered  to  indicate  a  withdrawal  of  its  heat. 


VIII. — On  the  Preparation  op  a  Cheap  Heavy  Liquid,  por  the 

Separation  of   Minerals. 

By  W.  B.  D.   Edwards,  A.R.C.8., 
of  the  Geological  Surrey  of  India. 

THE  high  price  of  all  heavy  liquids,  and  the  consequent  care  that 
has  to  be  taken  in  using  them,  the  latter  of  course  entailing 
great  expenditure  of  time,  were  the  reasons  which  caused  me  to  make 
experiments,  with  regard  to  the  manufacture  of  Klein's  solution 
(borotungstate  of  cadmium)  on  a  small  scale.  The  price  quoted  in 
a  well-known  chemical  manufacturer's  price-list  is  3«.  6d.  per  oz. 
My  experiments  have  shown  me  that  it  can  be  made  for  about  Id,  per 
oz.,  plus  the  value  of  the  time  of  the  maker.  The  process  is  very 
simple,  and  not  much  time  is  necessary  in  making  it.  A  rough 
outline  of  the  method  of  preparation  is  given  by  Dr.  Klein  in  the 
Comptes  Hendus,  vol.  xciii.  August,  1881. 

The  apparatus  required  consists  of  two  large  porcelain  evaporating 
dishes  KX  diameter,  two  of  6',  and  two  of  3',  two  gleiss  beakers 
l(y  deep,  and  two  6'  deep,  a  glass  funnel  and  a  water  bath.  A 
fume  cupboard  or  some  arrangement  for  carrying  off  acid  fumes 
is  also  necessary.  The  following  weights  given  will  make  160 
grains  of  cadmium  borotungstate  (t.e.  about  50  c.c),  and  can  be 
conveniently  manipulated  in  vessels  of  the  size  given  above. 
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Dissolve  460  grunt  of  omteUiMd  ■odiam  tnngitetft  in  «  littie 
boiliDg  water  ■■  potfiblo.  When  quite  diatolTedt  edd  675  ginune  of 
borio  add  in  amdl  crjatab,  ft  little  «t  ft  time»  and  with  oonatant 
atirring.    This  ahonld  be  done  in  a  latge  beaker. 

When  qnite  diaaolved,  the  eolation  ahoold  be  ponrad  into  ft  leige 
evapomting  dish  and  pot  aside  in  ft  plaoe  where  it  will  not  be  du- 
torbed  or  ahaken.  It  ahonld  be  ooTered  np  from  doat  In  about 
twentjr-fonr  honiBp  or  longer,  the  liquid,  whioh  ia  of  ft  light  purple 
oolour,  should  be  poured  off  quiokl j  into  another  evftpomting  bann 
from  the  orjstals.  The  latter  should  be  in  the  form  of  ft  bard  solid 
deposit  at  the  bottom  of  the  basin.  Theae  erystals  can  be  waahed 
with  hot  water  three  or  four  times,  the  washings  being  added  to  the 
mother-liquor. 

The  latter  will  now  probabi  j  be  found  to  be  in  ft  thick  pssty 
condition,  doe  to  the  formation  of  small  oryatals.  Theae  will  be 
found  to  dissolve  np  on  heating  the  dish  and  its  contents  on  a 
water  bath.  About  half  of  the  water  can  now  be  driven  off  on 
the  water  bath,  oare  being  taken  not  to  drive  off  so  much  that  a 
crust  begins  to  form  on  the  surface  of  the  hot  liquid.  The  solution 
is  again  set  aside  as  before  and  left  to  cool  and  orystallise.  The 
liquid  is  pourcMi  off  into  one  of  the  smaller  dishes  and  the  crystals 
washed  as  before.  This  process  of  crystallization  is  gone  through 
again  until  a  piece  of  ortboclase  will  float  in  the  liquid.  Ilie 
principal  point  being  to  always  make  the  polyborates  of  soda  crys- 
tallize out  either  as  single  large  crystals  or  as  a  hard  crystalline 
crust.  It  is  impossible  to  separate  and  wash  the  crystals  if  they 
are  very  small. 

Owing  to  the  high  density  of  the  liquid,  in  the  later  stages  a 
longer  time  is  necessary  for  the  sodium  borates  to  crystallize  out 
than  at  first.  A  piece  of  glass  or  felspar  will  be  found  to  float 
when  the  liquid  has  been  evi^rated  down  to  about  220  co.  The 
next  process  is  to  heat  the  sodium  borotungstate  on  the  water  bath 
to  100^  G. ;  pour  into  a  large  beaker,  and  add  a  boiling  saturated 
solution  of  barium  chloride.  This  should  be  done  carefully, 
stirring  the  solution  while  pouring  the  BaCl|  in,  a  little  at  a  time. 
The  BieiGl,  solution  should  consist  of  150  grams  of  crystallized 
BaCl)  in  about  200  o.c.  of  distilled  water.  A  dense  white 
precipitate  forms  on  pouring  the  barium  chloride  solution  into 
the  sodium  borotungstate,  and  this  precipitate  should  be  stirred 
for  some  minutes  so  as  to  thoroughly  mix  the  two  liquids.  After 
a  few  minutes  hot  water  should  be  added  and  the  precipitate  stirred 
up  thoroughly.  In  a  short  time  the  supernatant  liquid  can  be 
siphoned  off  from  the  precipitate.  This  washing  process  should 
be  repeated  some  10  or  15  times.  The  white  precipitate  is  next 
transferred  to  a  large  evaporating  dish,  and  about  300  o.c»  of  dilute 
HGl  added  (1  HGl  to  10  H,0);  the  mixture  of  precipitate  and 
solution  is  evaporated  to  dryness  on  a  water  bath,  about  40  ac  of 
strong  HGl  being  added  towards  the  end. 

The  dried  mass  is  then  treated  with  about  300  o.a  of  hot  distilled 
water,  the  former  being  thoroughly  broken  up  into  fine  powder 
with  a  glass  rod  flattened  at  ouq  end. 
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The  green  sediment  of  tangstic  hydrate  is  filtered  off  and  washed, 
the  washings  being  added  to  the  solution  of  barium  borotungstate. 
The  liquid  is  evaporated  down  and  allowed  to  sti&nd.  Yellow 
crystals  are  formed,  and  with  a  little  care  these  can  and  should  be 
obtained  as  single  large  crystals.  The  latter  crystallize  in  two 
formn,  one  as  modified  tetragonal  pnsms  with  well-developed 
basal  planes,  and  the  other  as  flattened  forms  much  resembling 
hexagonal  forms  in  shape. 

Nearly  the  whole  of  the  barium  borotungstate  can  be  obtained, 
the  mother-liquid  being  evaporated  down  a  little  more  after  each 
crop  of  crystals  has  been  obtained.  Towards  the  end  of  the  process 
transparent  colourless  platey  crystals  of  barium  borate  may  separate 
oat  as  well.  The  barium  borotungstate  crystals  should  be  dissolved 
up  in  water  and  recrystallized  once  again.  They  should  then  be 
dissolved  up  in  about  200  aa  of  distilled  water  and  a  solution  of 
GIS04  added  from  a  burette  or  a  pipette,  care  being  taken  to  add 
it  very  slowly,  drop  by  drop  as  long  as  a  precipitate  falls,  and  the 
precipitate  of  BaSo4  is  then  filtered  off  and  the  filtrate  is  evaporated 
down  in  a  porcelain  dish  on  a  water  bath  till  a  piece  of  olivine 
floats  on  the  surface.  This  liquid  will  be  found  to  have  a  specific 
gravity  of  3*46  at  60*^  F.,  and  it  takes  some  hours  before  some  of 
the  salt  crystallizes  out  and  the  specific  gravity  falls  to  3*28.  It 
might  thus  perhaps  be  nsed  for  the  separation  of  some  minerals 
of  specific  gravity  greater  than  3*46,  though  care  would  have  to  be 
taken  not  to  allow  crystals  to  form  on  the  lighter  minerals  and 
thos  sink  them. 

It  will  be  found  that  the  cost  of  the  chemicals  nsed  will  come  to 
about  three  shillings,  viz. : — 

450  grams  fnearly    lib.)  sodium  tungstate la. 

675      „      (nearljr  l}lb.)  boric  acid 9<f. 

150      ,,      \b\     ounces)  barium  chloride    i^d, 

25      „      (0'87  ounces)  cadmium  sulphate    ...  6^. 

Pure  hydrochloric  acid,  filter  papers,  etc 4^. 

The  quantity  of  cadmium  borotungstate  obtained  is  about  160 
^rams,  or  50  c.c.  The  borotungstate  crystals  separate  out  from  the 
aolotion  saturated  when  hot  and  are  nearly  colourless. 

The  crystals  of  barium  borotungstate  obtained  earlier  in  the 
process  cannot  be  mistaken  when  once  seen.  They  are  light  yellow, 
transparent,  and  have  a  splendid  lustre.  The  surface  becomes  yellow 
and  opaque  on  washing  with  water. 

The  principal  difiSculty  in  the  manufacture  of  this  liquid  is  the 
care  that  has  to  be  taken  in  crystallizing  the  various  salts  out  from 
their  solutions.  There  is  no  reason  why  any  geologist  with  a  little 
Icnowledge  of  chemical  manipulation  should  not  make  his  own 
heavy  liquid,  or  why  the  manufacturer  should  charge  such  an 
exorbitant  price  as  at  present,  as  the  actual  time  spent  in  making 
it  is  very  small,  though  spread  over  several  days. 

In  conclusion,  I  must  express  my  obligations  to  Prof.  Judd,  F.R.S., 
Tfho  has  afforded  me  great  facilities  in  carrying  out  these  operations. 


fncH'd— /))■•  R  H.  Hfilcfi's  Petrology. 
H,  E  ^  I  E  -W-  S. 

UOTION   TO   THE   StfDY   OF   PeTnOLOOV  :    THB   IONeOl'9 

,   Fbkdekick    H.    Hatch,    Ph.D.,   F.U.S.      pp.   128. 

wan  Sonnausohein  &  Co.  1891.) 

of  tills  little  book  (as  staled  in  the  prerace)  ii  to 

lode  of  occurrence  and  origin ;  and   Ihe  author  haa 

k  in  an  accurate,  clear,  and  concise  raauner. 

1   rapidly   developing  a   language   of  its  own,   and 

0  lias  already  done  good  Bervice  in  explaining  the 

1  many  terras  iu  his  Glossai-y  (appended  to  TeaU'a 
raphy).  gives   nlao   many  useful   definitions   in    hia 

It  will  be  of  service,  therefore,  as  a  text-book  for 
ire  giving  especial  attention  to  Tgneoua  rocks,  wliile 
1  general  it  will  be  a  handy  book  of  ref'er«nc«  on  the 
>us  rocka.  and  their  distribution  in  the  Biitisb  Islanda. 

of  the  subject  occupy  aU>ut  one-half  of  the  volume. 

being  mainly  devoted  to  the  constituent  minerals. 
■ve,  by  [he  way,  that  a  few  diagrams  showing  tlie 
euce  of  the  rocks  would  have  been  useful. 

the  book  is,  perhaps,  a  little  misleading  (unleaa  the 
ided    to  form  one  of  a  series),   for  the  author  Lhs 
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to  treat  the  rocks  as  mineral  aggregates  and  to  describe  their 
structure  and  composition.  The  field-geologist  is  mainly  concerned 
with  their  mode  of  occurrence  and  origin ;  and  to  him  rock-names 
are  a  necessity.  We  are  glad  to  find  that  the  needs  of  the  field- 
geologist  are  not  neglected  by  Dr.  Hatch.  Eeferring  to  the  classifi- 
cation of  the  rocks,  he  says  **  Chemical  composition  {a»  far  as  the 
percentage  of  silica  is  concerned)  and  mode  of  origin  or  occurrence 
occupy  a  chief  place.  Mineralogical  composition  is,  on  account  of 
its  extreme  variability,  allowed  to  play  only  a  subsidary  rd/&"  la 
this  difficult  task  of  furnishing  a  classification  of  the  Igneous  rooks. 
Dr.  Hatch  has  achieved  success. 


II. — Dr.  H.  Filhol  on  the  Fossil  Mammals  ov  Sansan. 

£tt}de8  bub  les  Mammifebes  Fossilbs  de  Sansan.    Ann.  Sci.  QeoL 

vol.  xxi.  Art.  1 ;  pp.  320,  46  plates. 

rE  small  village  of  Sansan,  near  Auoh,  in  the  department  of 
Oers,  has  long  been  celebrated  for  the  number  of  remains  of 
Mammals  found  in  beds  belonging  to  the  Mioehie  Moyen  of  the 
French  geologists,  and  also  for  the  beautiful  state  of  preservation  in 
which  many  of  these  remains  occur.  The  first  in  the  field  to  under- 
take the  description  of  these  specimens  was  the  late  M.  Edouard 
Lartet,  but  his  investigations  appear  to  have  been  hampered  by  the 
lack  of  sufficient  opportunities  for  illustrating  his  descriptions  with 
figures.  This  want  was  to  a  certain  extent  remedied  by  the  late 
M.  Paul  Gervais,  Dr.  Kowalevsky,  and  others;  but  only  certain 
species  or  groups  were  fully  treated,  and  we  have  never  had  any 
attempt  at  a  monograph  of  the  Sansan  Mammals  since  Lartet's 
preliminary  catalogue. 

In  the  work  before  us  we  now  have  the  whole  series  of  these 
remains  not  only  well  described,  but  fully  illustrated  by  excellent 
plates ;  and  all  who  are  interested  in  this  branch  of  fossil  zoology 
owe  a  debt  of  gratitude  to  Dr.  H.  Filhol,  of  the  Paris  Museum,  for 
the  execution  of  this  laborious  task.  It  appears  that  the  Doctor  has 
been  in  the  habit  of  paying  periodical  visits  to  the  Sansan  quarries 
during  the  past  three  years,  and  has  thus  succeeded  in  obtaining 
a  number  of  specimens  which  far  surpass  most  of  those  hitherto 
described.  Many  of  Lartet's  types  have  also  been  fully  described 
and  figured  for  the  first  time. 

The  total  number  of  species  of  Mammals  which  Dr.  Filhol  recog- 
nizes from  these  deposits  is  78;  these  being  arranged  under  the 
heads  of  42  genera.  In  this  notice  we  shall  only  refer  to  a  few  of 
the  species  which  appear  to  us  of  especial  interest.  Before  doing 
so,  we  venture,  however,  to  call  attention  to  some  instances  of 
carelessness  on  the. part  of  the  author  which  are  exceedingly  em- 
barrassing to  those  who,  like  the  present  writer,  have  to  record 
new  genera  and  species.  To  begin  with,  Dr.  Filhol  never  states 
which  of  the  genera  and  species  to  which  his  name  is  appended  are 
mentioned  for  the  first  time.  In  the  absence  of  any  back  reference, 
it  would,  however,  be  natural  to  assume  that  when  we  meet  with 
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names  like  Talpa  primana  (Filh.),  on  p.  85,  sncb  specifio  names  are 
new  ones.     This,  indeed,  appears  to  hold  good  for  that  particaUr 
instance,  and  also  for  Mmtiela  leptorkffneha  on  p.  105.     When,  how- 
OTer,  we  tnm  to  MuBiela  larUti  on  p.  107,  we  find  precisely  tbe 
same  condition,  although  this  spedfio  name  was  applied  hy  the 
author  in  the  "  Bull.  Soo.  Philom."  for  1888.    A  still  worse  instance 
occurs  on  page  265,  where  we  find   the   name   SiroguJo^mithm 
§an8anienn$t  apparently  as  a  new  genus  and  species,  without  tlie 
slightest  reference  to  the  fact  that  the  specimens  so  named  had 
heen  descrihed  by  the  author  in  1888  in  the  serial  cited  under  the 
name  of  Platuprosopos  iafuanienaii.    This  change  of  the  generic 
name  has  been  rightly  made  on  account  of  the  preoccupation  of  the 
one  first  applied,  but  this  ought  to  have  been  fully  notified  in  the 
text     Moreover,  when  he  was  changing  the  name,  the  author  might 
have  given  the  correct  SirongylognaihmB  instead  of  the  incorrect 
Strogulognathus.     It  may  also  be  mentioned  that  in  1888  Dr.  Filhol 
described  a  Mammal  from   Sansan   under  the  name  of  Choilodon 
elegnngf  although  no  such  specific  or  generic  name  occurs  in  the 
present  work.     Whether  tbe  omission  of  these  names  is  due  to 
inadvertence,  or  whether  they  have  been  replaced  by  others,  we  are 
quite  unable  to  say. 

llien,  again,  we  notice  some  very  embarrassing  errors  in  regard 
to  references,  as  well  as  a  large  number  of  misprints.  Thus,  in 
a  footnote  on  page  133,  the  present  writer  is  quoted  as  loc.  cit, 
without  tbe  slightest  previous  mention  of  any  work  to  which  the 
loc.  cit  could  refer.  As  instances  of  carelessness  in  spelling,  vre 
may  refer  to  the  generic  name  Lanthanotherivm  given  on  page  28, 
but  which  appears  as  Lantanotherinm  on  page  317 ;  there  being 
here,  again,  not  the  slightest  reference  that  this  name  first  appeared 
under  the  latter  incorrect  form  (in  which  it  has  been  quoted  in 
two  Manuals)  in  1888.  Again,  on  page  73  et  $eq.  we  are  some- 
what surprised  to  find  P$eudcBlurv$  or  Pseudailurus  modified  into 
Pseudelurus;  but  when  we  see  the  author's  own  genus  Proailurut 
repeatedly  appearing  as  Prailurus,  our  astonishment  at  the  way 
words  are  treated  is  still  greater.  In  the  index  the  appearance  of 
Myogale  sanaaniensis  immediately  after  MygcUe  sansawenstB  suggests 
an  inadvertent  repetition  of  a  name,  till  we  turn  to  the  text  and 
find  that  Myogale  is  a  misprint  for  Myolagus, 

We  have  alluded  thus  at  length  to  these  omissions  and  errors  hy 
which  the  work  is  disfigured,  as  they  are  so  embarrassing  to  those 
who  have  to  record  and  quote  from  it ;  but  it  is  with  pleasure  that 
we  turn  to  notice  some  of  the  more  important  forms  described  by 
the  author. 

Among  the  Insectivora,  the  author  has  found  out  that  the 
commonly  accepted  name  Parasorex  is  antedated  by  QaleriXf  which 
is  accordingly  adopted. 

In  tbe  Carnivora,  one  of  the  finest  specimens  described  (pis.  ii.  iii.) 
is  a  nearly  perfect  skull  of  Macharodus  palmidens,  which  is  of 
especial  interest  as  showing  the  presence  of  an  alisphenoid  canal. 
This  canal  being  totally  wanting  in  all  existing  FelidOf  its  presence 
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in  the  Sansan  Maeharodus  seems  to  indicate  th^it  this  genus, 
althoQf^h  specialized  as  regards  its  dentition,  is  otherwise  a 
generalized  type.  The  other  most  interesting  Carnivore  is  the  one 
described  by  Lartet  as  Hemicyont  but  referred  by  Qervais  and 
Gaudry  to  HyanarciuB.  The  only  specimen  of  this  species  that 
has  bitberto  been  figured  is  part  of  an  upper  jaw  with  the  hinder 
molars;  but  Dr.  Filhol  tells  us  that  the  species  was  originally 
founded  upon  the  evidence  of  the  mandible.  An  entire  palate  and 
mandible  are  figured  in  pis.  vii.-ix.,  which  sufficiently  show  that  this 
animal  does  not  belong  to  Hyanaretus,  and  as  it  is  certainly  not 
referable  to  Cephalogale,  and  according  to  Dr.  Filhol  is  different 
from  Dinocyon,  it  appears  entitled  to  rank  as  a  distinct  genus.  It 
may  be  observed  that  although  the  premolars  agree  with  those  of 
HyanarduBf  and  differ  from  those  of  the  Dogs,  in  the  absence  of 
fore-and-aft  cusps,  yet  that  there  are  four  of  these  teeth,  in  place 
of  the  tbree  of  Hytenarcius ;  the  whole  four  in  the  lower  jaw  forming 
a  nearly  continuous  series.  A  further  difference  occurs  in  the 
narrower  and  more  trenchant  form  of  the  hinder  balf  of  the  lower 
camassial  tooth  ;  while  Dr.  Filhol  states  that  the  feet  of  this  animal 
were  digitigrade,  those  of  Amphicyan,  and  doubtless  HyanaretuSf 
being  plantigrade. 

Another  equally  large  Carnivore  described  by  Lartet  as  Pseudoeyon, 
but  identified  by  Pomel  with  Amphicyon^  appears  likewise  entitled  to 
represent  a  distinct  genus.  This  animal  is  unfortunately  known 
only  by  tbe  lower  jaw,  which  agrees  in  general  characters  with  the 
half-bear-like  half-dog-like  animals  so  common  in  the  Miocene  and 
Pliocene.  It  presents,  however,  the  unique  peculiarity  that  the  first 
lower  premolar  is  implanted  by  two  distinct  roots ;  the  position  of 
this  tooth  being  far  behind  the  canine,  instead  of  close  to  it  as  in 
Amphicyon. 

In  the  Ungulates  we  have  a  good  figure  of  the  skull  of  BhinoeeroM 
iansaniensia,  which  is  regarded  as  a  good  species ;  while  a  beautiful 
plate  (pi.  xvi.)  of  the  jaws  of  Anchitherium  with  the  deciduous  and 
permanent  teeth  cannot  fail  to  attract  attention.  Equally  important 
is  the  fine  skull  of  Listriodon  shown  in  pi.  xviii.,  which,  in  spite  of 
its  Tapir-like  teeth,  is  clearly  seen  to  be  a  true  Pig.  Space  does 
not  admit  of  reference  to  the  numerous  Deer-like  Ruminants  which 
are  so  abundant  at  Sansan  ;  but  we  wish  that  Dr.  Filhol  had  had  an 
opportunity  of  comparing  the  jaw  figured  on  pL  xxx.  as  Strogtdo- 
gnathus  with  that  of  the  existing  Bydropotes. 

Passing  by  the  Antelopes  and  Mastodons,  our  few  remaining 
observations  must  refer  to  the  subject  which  forms  the  crowning 
interest  of  the  whole  work — the  identity  of  the  limbs  described  as 
Macrotherium  with  the  skull  and  teeth  of  Chalicotherium.  The 
association  of  similar  limb  bones  and  teeth,  not  only  at  Sansan,  but 
likewise  at  Pikermi  and  Samos,  as  well  as  in  the  United  States, 
leaves  no  doubt  that  they  belong  to  one  and  the  same  type  of 
animal,  although  it  may,  of  course,  prove  that  there  is  more  than 
a  single  genus.  Dr.  Filhol  gives  us  not  only  figures  of  the  bones 
of  the  feet,  but  also  attempts  a  restoration  of  the  skeleton.    In  the 
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ill  conffratiilatinjT  Dr.  Filhol  on  the 
work,  we  cannot  avoid  expressing  the  1 
to  treat  the  Mammals  of  other  gisem 
Miooene  in  a  similar  manner. 


IIL — Quids  du  Q^logub   dans   lb 
A.  Lavillv.     Pp.  24,  Plates  I.^ 

rIS  brochure  will  prove  exceeding! 
the  Paris  basin  Tertiaries.    There 
of  the  beds ;    it  oommences  with  a  tai 
and  groups  of  the  divers  formations  ^ 
lists  of  the  principal  fossils  found  in 
a  series  of  ten  maps-  of  typical  localities. 
In  the  table  the  Meadon  Gonglome 
Montian,   whilst  the  Pisolitic  Limestoc 
because  the  author  prefers  to  include  : 
lAmnaa  strigosa  marls  form  the  superio 
the  highest   bed  of  the  Oligocene  is  tl 
cannot  agree  with  the  author's  classificatii 
stone  with  the  whole  of  the  Gypsum  L 
how  the  lacustrine  limestone  of  Ducy  ca 
with  the  upper,  middle,  and  lower  "  sab 
included  in  the  last-mentioned  division 
the  equivalent  of  the  Mortefontaine  bee 
lists,  which  mostly  deal  with  Mollusca,  it 
has  paid  much  more  attention  to  some 
is  very  ambiguous  in  his  nomenclature 
mind   of  the  reader  whether  he  intend 
genera,  or  subcrenflrA  nr  w«*«»i- 
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of  North  America,  and  even  now  only  the  lower  orders  of  InseoU 
have  been  fully  treated ;  the  materials  collected  within  the  last 
twenty  years  proving  as  abundant  as  all  those  hitherto  known  from 
the  entire  European  area.  In  the  Introduction  the  author  remarks, 
'*  The  pages  and  plates  of  the  present  volume  bear  testimony  to  the 
fact  that  our  Tertiary  strata  have  preserved  remnants  of  an  ancient 
host,  so  varied  in  structure,  so  closely  also  resembling  their  brethren 
of  to-day,  that  nearly  or  quite  every  prevalent  family-group  in  the 
entire  range  of  the  insect  world  has  already  been  demonstrated  to 
have  then  existed.  While  often  fragmentary  and  crushed,  sometimes 
beyond  recognition,  a  not  insignificant  number  are  sufficiently  pre- 
served for  us  to  repopulate  the  past;  sometimes,  too,  they  are 
preserved  in  such  a  wonderful  manner  that  in  tiny  creatures  with  a 
spread  of  wings  scarcely  more  than  a  couple  of  millimetres,  one  may 
count  under  the  microscope  the  hairs  fringing  the  wings." 

lliere  are  several  localities  which  have  yielded  the  insects  herein 
described,  but  hy  far  the  most  important  is  Florissant,  in  a  narrow 
valley  high  up  in  the  mountains  at  the  southern  extremity  of  the 
front  Range  of  Colorado.  The  insects  are  here  preserved  in  an  old 
lake  basin,  prohably  of  Oligocene  age,  in  shaly  beds,  now  laid  bare 
hy  erosion,  which  are  wholly  composed  of  volcanic  sand  and  ash, 
and  15  metres  in  thickness.  These  beds  yielded  a  greater  number 
of  insects  in  a  single  summer  than  have  been  obtained  at  the  cele- 
brated CEningen  deposit  in  thirty  years,  and  a  very  interesting 
comparison  is  made  of  the  percentage  of  representation  of  the 
different  groups  at  the  two  localities.  At  Florissant  the  most 
numerously  represented  group  is  the  Hymenoptera,  which  forms 
40  per  cent,  of  the  total ;  followed  by  the  Diptera  with  30  per  cent., 
the  Coleoptera  with  13  per  cent.,  the  Hemiptera  with  11  per  cent., 
and  the  Neuroptera  with  5  per  cent.,  whilst  the  Lepidoptera, 
Orthoptera,  and  Arachnida  together  only  contribute  *54  per  cent. 

Great  numbers  of  plants  are  found  associated  with  the  insects 
at  Florissant,  and  both  kinds  of  organisms  indicate  a  climate  con- 
siderably warmer  than  that  now  prevalent  in  the  locality. 

Of  probably  the  same  age  as  the  Florissant  deposit  are  the 
insect-bearing  beds  of  the  White  River  in  Western  Colorado  and 
Eastern  Utah,  and  of  two  or  three  localities  in  Wyoming.  From 
fine  clays  of  probably  Miocene  age,  at  and  near  Quesnel  in  British 
Columbia,  Dr.  G.  M.  Dawson  obtained  numerous  insects,  mostly 
Hymenoptera  and  Diptera ;  which  Dr.  Scudder  has  also  described. 

Of  a  more  recent  age  are  a  considerable  number  of  elytra  and 
other  remains  of  beetles,  obtained  by  Dr.  G.  J.  Hinde  in  clay  beds 
near  Toronto,  Canada.  Though  only  of  interglacial  age,  the  twenty- 
nine  species  determined  by  Dr.  Scudder  are  all  extinct;  some  of 
the  forms  are  nearly  allied  to  insects  now  inhabiting  the  same 
district  in  Canada  and  the  northern  United  States,  whilst  the 
relatives  of  others  now  exist  in  the  Lake  Superior  and  Hudson 
Bay  Region. 

The  author  notices  some  peculiar   general  feaVwte^  t^^Wci^  \^ 
tie  occurrence  of  the  fossil  insects  in  liortb  Amex^wa  \  ^va^  ^^>a»^  '^^ 
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hanlly  a  single  instance  has  the  same  speoies  been  found  in  two 
distinot  looalities,  a  hd  which  may  peihaps  be  accounted  for  by 
the  beds  not  being  exactly  synchrononst  and  the  aotfaor  thinks  that 
the  insect  remains  will  proi^  of  more  Tsloe  in  the  marking  of 
distinct  horizons  than  the  plants  with  which  they  are  nsuUy 
associated.  Another  feature  is  the  number  and  eztrsovdinary  pro- 
portion of  species  each  so  fsr  represented  by  a  single  specimen, 
and,  again,  that  no  inconsiderable  proportion  of  the  speoies  most 
be  referrsd  to  genera  no  longer  existing. 

The  excellence  of  Dr.  Scndder's  work  is  too  well  known  to  require 
comment,  and  this  present  volume  is  an  additional  proof  of  the 
immense  labour  and  aesl  which  he  brings  to  his  herculean  task. 
Its  importance  will  be  fully  recognixed  by  all  palsBontologists  on 
this  side  of  the  Atlantic^  and  its  promised  further  continuance  will 
be  gladly  welcomed. 


OXOLOOIOAL  SOGIXTT  OF  LoNDON. 

I— April  8,  1891.— Dr.   W.  T.  Blanford,   F.B.S.,    Vice-Presi- 
dent, in  the  Cliair. — The  following  communications  were  read : — 

1.  "The  Cross  Fell  Inlier."  By  Prof.  H.  A.  Nicholson,  M.D., 
D.Sc.,  F.G.S.,  and  J.  E.  Marr,  Esq.,  M.A.,  SecG.S. 

The  tract  of  lower-Palfeozoic  rocks  lying  between  the  Carboni- 
ferous rocks  of  the  Cross-Fell  range  and  the  New  Bed  Sandstone 
of  the  Eden  Valley  is  about  sixteen  miles  in  length,  and  little  more 
than  a  mile  in  average  breadth ;  the  Inlier  extends  in  a  general 
N.N.W.  and  S.S.E.  direction,  and  the  normal  strike  of  the  rooks  is 
about  N.W.  and  S.E.  Tbe  tract  is  divided  along  its  entire  lengtji 
by  a  fault,  which  separates  the  Skiddaw  Slates  (with  the  Ellergill 
Beds  of  one  of  the  authors  and  the  Milbum  Series  of  Mr.  Goodchild) 
from  higher  beds  on  the  west  A  detailed  classification  of  tbe 
Skiddaw  Slates  is  not  attempted,  but  the  authors  describe  the  suc- 
cession of  tbe  rocks  in  tbe  faulted  blocks  of  the  western  portion. 
Tbeir  classification  is  as  follows :— ^ 

Coniston  Grits  &=  Ludlow. 
Conistoii  Flags  (lower  portion)  eWenlock. 
Stockdale  Smiles  =  UandoTery-Tarannon. 
Asbgill  Shales.  % 

StauroeepholuM  Limeetone.  I 

Dufton  Shales  and  Keialaj  Limestone.  v«BBala« 
Corona  Beds.  i 

Bhydiiie  Group.  J 

A  brief  comparison  of  these  rocks  with  those  of  other  regions  is 

made  by  the  authors. 

Two  Appendices  are  added.     One  by  Mr.  Alfred  Harker,  M.A., 

F.6.S.,  contains  petrograpbioal  notices  of  certain  sedimentary  and 

volcanic  rocks  in  the  Skiddaw  Slates,  of  the  volcanic  rocks  of  the 

Eycott   and  Bbyolitic  groups,  and  of  the  principal   varieties  of 

wtmaive  rooks.     The  second,  by  IJlr.  k.  H.  Yootd,  P.G.8.,  contains 

a  deaoription  of  some  Gepbalo^^^s  itoia  »2kj^  vy^  ^1^^^\x^^« 
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•  2.  **  On  the  Igneous  Hocks  of  the  Soath  of  the  Isle  of  Man."  By 
Bernard  Hobson,  Esq.,  M.Sc.,  F.G.S. 

Omitting  the  Foxdale  Qranite,  the  oldest  igneous  rocks  of  the 
island  appear  to  be  the  diabase  dykes  of  Langness,  eto.,  intrusive  in 
Lower-SUurian  slates.  The  Crosby  miorogranite  dyke  is  also 
intrusive  in  these  beds,  and  though  its  age  is  difficult  to  fix, 
it  is  probably  newer  than  the  Foxdale  Granite,  which  appears  to  be 
of  post-Lower  Silurian  and  pre-Garboniferous  age. 

Next  come  the  volcanic  rocks  of  lower^Carboniferous  age — an 
augite-porphyrite  series  consisting  of  tuff,  breccia,  agglomerate, 
bedded  lava,  and  intrusive  masses  exposed  in  a  narrow  strip 
extending  from  Poolvash  to  Scarlet  Point  A  vent  seems  to  have 
been  opened  during  or  after  the  deposition  of  the  Poolvash  lime- 
stone, from  which  fine  volcanic  ashes  were  ejected  to  form  marine 
tuff.  At  intervals  between  the  eruptions  the  Poolvash  marble  was 
deposited,  and  became  interstratified  with  the  tuff.  The  vent  then 
probably  became  plugged  up,  and  a  violent  explosion  following 
supplied  material  for  the  agglomerate  overlying  the  tuff.  Lava  then 
welled  forth,  and  finally  the  volcano  became  extinct,  and  the  in- 
trusive mass  of  the  Stack,  regarded  by  the  author  as  a  volcanic  neck, 
was  exposed  by  denudation.  It  was  probably  at  the  close  of  volcanic 
activity  that  a  melaphyre  dyke  was  formed  resembling  the  porphy- 
ritic  olivine-basalt  of  the  Lion's  Haunch,  Edinburgh. 

At  Poortown  an  intrusive  mass  occurs,  provisionally  termed 
augite-picrite-porphyrite,  and  considered  by  Mr.  J.  G.  Gumming  to 
be  of  post-Garboniferous  age. 

Numerous  dykes  of  ophitic  olivine-dolerite  occur  between  Bay-ny- 
Carrickey  and  Gastletown  Bay,  at  Langness,  etc.  They  are  post- 
Lower  Garboniferous,  and  possibly  of  early  Tertiary  age. 

Full  details  with  regard  to  the  development  and  the  macroscopic 
and  microscopic  characters  of  the  various  igneous  rocks  are  supplied 
by  the  author,  who  acknowledges  his  indebtedness  to  Prof.  Boyd 
Dawkins  for  the  use  of  his  geological  map  and  notes. 


IL— April  22,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

I.  ''Results  of  an  Examination  of  the  Crystalline  Bocks  of  the 
Lizard  District"  By  Professor  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S., 
V.P.G.S.,  and  Major-General  G.  A.  McMahon,  F.G.S. 

The  authors,  in  company  with  the  Rev.  E.  Hill,  spent  a  con- 
siderable part  of  last  August  in  examining  anew  those  sections  in 
the  Lizard  district  which  had  any  bearing  upon  the  questions  raised 
since  the  publication  of  Professor  Bonney 's  second  paper  in  1883. 
They  had  also  the  advantage  of  occasional  conference  with  Mr.  Teall 
and  Mr.  Fox,  whose  valuable  contributions  to  the  knowledge  of  the 
crystalline  rocks  of  the  district  are  well  known. 

That  the  Lizard  serpentines  are  altered  peridotites  may  be  regarded 
as  settled,  but  doubts  have  been  expressed  as  to  their  relation  to 
other  associated  rocks,  and  as  to  the  meaning  of  a  streaky  or  banded 
structure  exhibited  by  certain  varieties. 
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larter  re-examinalion  of  a  large  number  of  section*, 
I  ihe  mioiirncy  of  tlieir  original  view  that  the  periHotile 
fito  the  hornhlendo  scbista  and  banded  "granulltic" 
tiiiued  their  preaeiit  condition.  ]n  it  they 
I  any  marked  preeHure-meUmorphism,  either  prior  or 
Jrpentinization.  They  have  failed  to  connect  ihe 
Bud  Btruotiire  with  any  fuiiation  or  poasiblo  preasure- 
)  Bchixtti,  and  they  can  only  explain  it  as  a  kind  of 
'2.  ns  due  to  an  imperfect  blending  of  two  mngmas 
L  chemical  composition,  anterior  to  tbe  cryalal- 

A  aectiona  have  been  examined  with  especial  oare,  not 

e  serpentioo  ia  nowhere  ho  conspicuoiiBly  banded,  but 

I  intrusive  cbamcter  haj)  been  denied,  both  it  and  the 

I  being  ascribed  to  the  alteration  of  a  aeries  of 

Iche   of    suitable    oompusition.     For   thia    view   the 

Ifailed   to   discover    any    evidence,    and    oonaider  it 

niigraphical  and  petrographical  facta. 

Ithe  genesis  of  the  crystalline  schista,  which  for  par- 

ewere  divided  by  Prof.  Bonney  into  a  "granuHtic," 

'  and  a  "  micaceous"  group,  the  authors  show  that  in 

t  the  more  acid  rook  breaks  through  tlie  more  basic, 

s  they  appear  to  be  perfectly  interatratified, 

rards  and  forwards,  though  rapidly,  int*)  the 

extremes,  intervals  can  be  found  where 
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movements  in  a  mass  which  cousisted  of  crystals  of  felspar  and 
pyroxene,  floating  thickly  in  a  more  or  less  viscoas  magma. 

The  authors*  investigations  tend  to  prove  that  (a)  structures 
curiously  simulative  of  stratification  may  be  produced  in  fairly 
coarsely  crystalline  rocks  by  fluxional  movements  anterior  to  crys- 
tallization ;  and  that  (6)  structures  which  of  late  years  have  been 
claimed  as  the  result  of  dynamo-metamorphism  subsequent  to  con- 
Bolidation  must  have,  in  many  cases,  a  like  explanation.  This  is 
probably  the  true  explanation  of  a  large  number  of  banded  gneisses 
which  show  no  signs  of  crushing  and  holocrystalline,  but  in  their 
more  minute  structures  differ  from  normal  igneous  rocks. 

The  authors  have  seen  nothing  which  has  been  favourable  to 
the  idea  that  pressure  has  raised  the  temperature  of  solid  rocks 
sufficiently  to  soften  them. 

2.  "On  a  Spherulitic  and  Perlitic  Obsidian  from  Pilas,  Jalisco, 
Mexico."     By  Frank  Rutley.  Esq.,  F.G.S. 

The  specimen  described  is  a  leek-green  rock  with  waxy  lustre. 
The  sequence  of  the  structures  developed  in  it  is  made  out  to  be  as 
follows  : — First,  the  development  of  fluxion-banding ;  next,  the 
formation  of  spherulites ;  and  then  the  setting  up  of  a  perlitic 
Btructiire,  the  fissures  of  which  were  finally  sealed  by  the  Intro* 
duction  of  chalcedonic  matter. 

A  wavy  transverse  banding  in  the  spherulites  is  apparently  due 
to  a  temporary  check  which  the  fluxion-bands  have  exerted  on  the 
development  of  the  crystalline  bundles  of  the  spherulites.  In  one 
case  a  spherulite  has  been  developed  prior  to  the  formation  of  a 
similar  but  larger  one  which  encloses  it.  Some  of  the  spherulites 
envelope  small  crystals  of  triclinic  felspar. 

The  author  considers  it  very  probable  that  the  obsidian  has  been 
subjected  to  hydrotbermal  agency  since  its  solidification,  and  sub- 
sequent to  the  development  of  its  perlitic  structure,  and  gives 
reasons  for  this  view. 

III.— May  6,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair, — The  following  communications  were  read  : — 

1.  **  On  a  Rhretic  Section,  at  Pylle  Hill  or  Totter  Down,  Bristol." 
By  E.  Wilson,  Esq.,  F.G.S. 

In  a  deep  rail  way -cutting  at  Pylle  Hill,  the  Khsetic  beds,  having  a 
thickness  of  not  more  than  seventeen  feet,  are  exposed  between  the 
Tea-Green  Marls  and  the  Lower  Lias.  There  is  no  doubt  as  to  the 
division  between  the  KhaBtic  and  Keuper  beds  in  this  section,  but 
the  line  of  demarcation  between  the  Rhsetic  and  the  Lias  has  always 
been  a  matter  of  tmcertainty  in  the  West  of  England.  In  con- 
nection with  this  subject  the  term  **  White  Lias,"  as  applied  to  beds 
some  of  which  are  Rhsetic  and  others  Liassic,  is  held  to  be  unsatis- 
factory. The  author  takes  a  limestone  which  is  the  equivalent  of 
the  Gotham  Marble  as  the  highest  RhsBtic  bed  in  the  section 
described.  He  divides  the  Rhsetic  beds  of  the  cutting  into  an 
Upper- Khaatic  Series  and  Avicula- cantor ta  Shales.  The  intimate 
connexion  betwixt  the  Tea-Green  Marls  and  the  Red  Marls  of  the 
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ia  well  diaplayeil,  whilst  tliere  ia  a  eliaqi  line  of 
tweeli    the   former  and   the   Ajsicula-contorta    Shales. 
TaoleriBlic  fossila  of  the  British  Uhosric  are  met  with 
)}^ther  with  a  few  forma  which  are  new  to  England, 
se  poe«ibly  new  to  eciencti. 

::tiuu  of  the  BubdivitiionB  of  the  Rhietio  and  ailjaoeot 
of  Bhcetiu  foaails  found  in  the  sectiou,  are  given  by 

scopic  Study  of  the  Inferior  Oolite  of  the  Cotteawold 
:  the  Reeidiies  insoluble  in  Hvdrochlorio  Aoid."     By 
-ed.  Esq.,  F.G.S.,  F.C.S.,  F.K.M.S. 
^ivea  tbe  fallowing  main  diviaiona  of  the  Inferior 
IteBWold  Hills  in  descending  order  : 

Oolitic  JUrl. 

Loirtr  Fieeetonn. 

P*a  Grit, 

Transition  beds  iwliog  nn  Upper  Liw. 
t deacribed,  and  the  reaiilta  of  mioroacopio  examination 
t  beds   given.     Theae    latter  confirm    the  author'* 
important  part  which   GirvaneUa  have  taken   in  the 
lilic  grnniilea;  whilst  an  examination  of  the  borings 
I'rof.  .ludd  in  the  dificiission  of  Mr.  Slrahaii's  jiaper 
atic  Clialk"  convinces  the  author  that  these  have  no 
the  genua  Girtanella. 
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ELEVATION  OF  AMERICA  IN  THE  TERTIARY  PERIODS. 

SiH, — I  notice  in  recent  numbers  of  the  Okologioal  Maoazinc 
that  Mr.  Upham  has  been  discussing  his  views  on  the  elevation  of 
the  Gulf  of  Mexico,  etc.  It  seems  a  pity  that  gentlemen,  who 
desire  to  launch  such  startling  hypotheses,  should  not  devote  more 
time  to  settling  the  facts  upon  which  these  hypotheses  are  based, 
before  promulgating  their  new  views.  As  the  statements  made  by 
Mr.  Upham  may  by  many  be  taken  as  properly  verified,  and  more 
confusion  be  thereby  occasioned,  permit  me  to  call  attention  to  a  few 
facts  which  have  been  verified. 

1.  The  late  Dr.  Maack  when  on  the  isthmus  of  Darien  did  not 
collect  any  Pleistocene  fossils  from  the  summit  of  the  Atrato  divide 
763  feet  above  the  sea.  2.  The  Pleistocene  fossils  collected  by  Dr. 
Maack  were  from  an  elevation  of  only  150  feet  on  the  Panama  side, 
ten  miles  from  Panama  city.  The  fossils  above  this  height  collected 
by  Dr.  Maack  are  Eocene  or  Miocene  exclusively,  and  related  to 
the  Miocene  fauna  of  Santo  Domingo,  as  indeed  was  pointed  out  by 
Gabb  nearly  twenty  years  ago  (Proc.  Am.  Phil.  Soo.  vol.  xii.  p.  672). 
3.  The  summit  or  dividing  ridge  is  not  fossiliferous,  and  is  probably 
not  later  than  the  Mesozoic  epoch. 

I  may  add,  from  information  to  be  shortly  published,  that  the 
supposed  great  elevation  of  Florida  at  any  time  since  the  later 
Eocene  is  as  improbable  as  any  hypothesis  which  could  well  be 
conceived.  The  conclusions  which  the  facts  necessitate  in  the  case 
of  Florida  may  be  briefly  outlined  as  follows : — During  the  later 
Eocene,  west  central  Florida  was  an  island,  like  one  of  the  Bahamas 
at  present,  composed  exclusively  of  organic  marine  sediments  which 
in  the  Vicksburg  epoch  attained  an  unbroken  thickness  of  more  than 
1000  feet.  The  whole  submarine  plateau  above  which  the  present 
Florida  rises  may  turn  out  to  be  of  this  age  and  constitution.  This 
island  had  a  land-shell  fauna  derived  from  the  south.  The  strait 
between  the  island  and  the  main  coast  north  of  it  was  more  than 
fifty  miles  wide  at  the  narrowest  point,  and  was  only  closed  at  the 
beginning  of  the  Pliocene.  There  have  been  gentle  changes  of 
level  since  the  Eocene,  but  nothing  violent,  and  the  vertical  range 
ban  been  small.  The  Eocene  and  the  old  Miocene  faunas  were  of  a 
subtropical  character  like  the  Antillean  fauna  at  present.  A  change 
took  place  in  Mid- Miocene  by  which  a  cool,  temperate,  or  colder 
water  fauna  invaded  the  Floridian  region  from  the  north,  and  about 
20O  feet  of  strata  (Chesapeake  Group)  were  deposited;  equivalent 
to  the  well-known  Miocene  beds  of  Virginia  and  Maryland.  With 
the  elevation  which  connected  the  Floridian  islands  with  the  con- 
tinent a  warmer  era  was  again  inaugurated  in  the  sea,  and  an 
invasion  of  Pliocene  Vertebrates  began,  on  the  Peninsula  of  Florida. 

There  were  unquestionably  great  changes  of  level  on  the  con- 
tinent, increasing  as  one  goes  northward,  both  in  Miocene  and 
Pleistocene  times.  In  the  Antilles  it  has  been  proved  that  great 
changes  have  taken  place.  But  the  Floridian  region,  for  some 
unknown  reason,  escaped,  and  Yucatan,  probably,  also. 


Corre»ponde)ice—Dr.  H.  B.  MedlicoH. 

I  making  a  apedal  study  of  Flnridian  Geology  for 
[id   hnjie  to  pnbliali  a  oonsi^leral'ie  unioLmt  ol'  new 
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ILOGT  OF  THE  SALT  EANGE  OF  THE  PANJAB. 

i  latest  number  (part  t.  vol.  ssiv.)  of  the  lieoords  of 
1    Survey  of  India  there  is  nn  iiiteresiing  paper  by 
laiemisB   on  ttie  Geology  of  tlie  Salt  Ran(;e  of  tlie 
irabli;  sections  are  given  illustraling  two  poiuts  until 
pute.  the  posiliotifi  of  ihe  Conularia  Bed  and  of  the 
;    »nd   ft  vary  bold  beginning   IB  made  of  a  fresh 
Fivding  the  age  and  mode  of  origin  of  tbe  Salt  Marl 
.Is,  advocating  peculiar  eruptive  coniHtions  connecled 
ive   and   hitherto    undisturbed  subterranean   magma, 
dleraiss  developes  his  posilion,  it  would  be  premature 
Lereon;  I  will  only  ask  leave  to  correol  two  persounl 
paper.     On  p.  25  a  quotation  is  made  fi'om  my  paper 
of  the  Panjiib,  publiBhed  in  the  Provincial  Gazetteer, 
made  to  appear  ae  esecating  an  erroneous  reversnl 
n  a  difiputed  unconformity  in  the  Salt  Range,     Mr. 
ist  have  overlooked  the  note  at  the  beginning  of  Ihe 
3  Salt   Hange,  elating  that  "this   sketch  is  by  Mr. 
d  not  alter  a  word  of  it.     So  the  pHssage  in  queRtioa 

^^ 


?:GAZINE. 


*7(M->   ':*  of  til*  B 
*  »  **t)ai  tiie  E 


I  "OF  ICHTBTOadURUa 

TBIKT,  SOMBBSCT. 

I  £.&.,  etc. 

I 

I  werred  ia  a  quart;  of 

I  arleigti,  Street,  Somer- 

I  itoue,  cotiluiniDg  por- 

I  ti«Be  lilaba.  which  had 

;  feether  by  Mr.  Gillett, 

'  1'  great  pains,  in  skil- 
Campb  uf  the  ekeletoa 

0«Oq  'nted  this  remarkably 

—"—*'-      '-rnent  of  the  Britisli 

w  ezbibit«d  on 

>  most  striking 

Mfxim  tiie  Eagiish  Lias.' 

'  as  particularly  oppor- 

!  >e  of  the  other  apeciea 

lied  with  examples  of 

j  .iely  diHlanced  la  this 

^idArt.     Mr.  Gilleit'8 

I       I  IX.,  uJthoiigh  Ijy  no 

I  of  tlie  best  preserved 

I  ice.     The  animal  lies 

'  anil  tlie  limbs  sym- 

:      '  i  largely  due  to  the 

]      '  ^rv6d  that  the  beauty 

t  tien  are  due.    Almost 

lied  consists  of  some 

be  tail  vertebrse,  and 

\  cimen  by  Mr.  Gillett 

;  iervers  in  preserving 

i  before  us  is  uot  a 
nurri*,  of  which  the 

j i  of  Fosail  BeptilBi,  pi,  2, 
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I  have  been  makii^ 
some  yean,  and  hope 
inrorniation  on  tbat  suh^ 

filOTIISONlA.I    Iv-.TITliTTOf    - 

■\Vie 

THE  OEni,,. 
Sib.— In  th,-  l.i 
the  Geological  S 
Wr.  0.  8.  Mi.Wlo 
Fanjab.  AdmirHb 
reoeiitlj  in  disimf. 
OboluB  Shales;  s 
discuMion,  retard i 
and  its  mlneriilB, 
with  a  primitive 
Until  Mr.  Mi<Idl. 
to  comment  th 
errors  in  the  paper. 
on  the  geologj-  of  iho 
whereby  I  am  made  t 
of  opinion  upon  a  ilip| 
MiddlemisB  must  iiavc 
flection  on  the  Salt  ? 
Wjnne."  I  did  not  a 
is  a  repetition  by  Mr.  ' 
Btntted  in  vain.  Tli<  n 
as  "not  entirely iigroti 
horizon.  It  reluin  (■>  ^ 
soften  aaomewhac  iK-n 
the  evidence;  but  iLi  , 
own  opinion  leaned.  .if 
Middlemiss  now  preBo  \i.^^ 
with  Conularia  '  '  ^  " 
they  were  wasji 
(PaliBozoic)pc„ld,.i.<..">^' 

CliItob,  29(A  --Jj-     ■   ■-■       •" 


We  wpret  fo 
distinguished  A 
deceased,  wlio  whs  i 
Anatomy  in  the  Univt 
in  Swarthmore  Colle^ 
of  Natural  Scieiifes  ol 
Biology  in  the  Uiiivcr 
Society  of  London.  1 
lileiatiire  were,  "Tin. 
Xt^braska,"  and  ■■Fre 
also  wrote  an  eleini^n 
Fiiday,  Ut  May,  1891 
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I. — Note  on  a  neablt  pkhfkct  Skeleton  of  Ichtbtosaurus 

TENUIBOSTRIS  FROM  THE  LoWBB  LlAS  OF  StBBBT,  SoMEBSET. 

By  R.  Ltdbkker,  B.A.,  F.G.S.,  F.Z.S.,  etc. 

(PLATE  IX.) 

SOME  ten  years  ago  Mr.  Alfred  Qillett  observed  in  a  quarry  of 
the  Lower  Lias  near  his  residence  at  Overleigh,  Street,  Somer- 
set, a  number  of  broken  slabs  of  shaly  limestone,  containing  por- 
tions of  the  skeleton  of  an  Ichthyosaur.  These  slabs,  which  had 
been  cast  aside  by  the  workmen,  were  fitted  together  by  Mr.  Gillett, 
who  finally  succeeded,  after  the  expenditure  of  great  pains,  in  skil- 
fully developing  from  them  an  almost  entire  example  of  the  skeleton 
of  Ichthyosaurus  tenuirostris,  Conybeare. 

With  his  usual  liberality  Mr.  Gillett  presented  this  remarkably 
beautiful  specimen  to  the  Geological  Department  of  the  British 
Museum  (Natural  History)  in  1884,  where  it  is  now  exhibited  on 
the  east  wall  of  Gallery  No.  XI,  forming  one  of  the  most  striking 
objects  in  the  fine  series  of  Reptilian  remains  from  the  English  Lias.^ 

The  gift  of  this  specimen  to  the  Museum  was  particularly  oppor- 
tune, since  the  collection,  although  rich  in  some  of  the  other  species 
of  the  genus,  was  previously  but  poorly  supplied  with  examples  of 
Ichthyosaurus  tenuirostris ;  and  is  even  now  widely  distanced  in  this 
respect  hy  the  Dublin  Museum  of  Science  and  Art     Mr.  Gillett's 
specimen,  of  which  we  give  a  figure  in  Plate  IX.,  although  by  no 
means  a  large  example  of  the  species,  is  one  of  the  best  preserved 
skeletons  that  have  ever  come  under  our  notice.     The  animal  lies 
on  its  ventral  surface,  with  the  back  exposed  and  the  limbs  sym- 
metrically expanded  on  either  side;  and  it  is  largely  due  to  the 
symmetrical  position  in  which  it  has  been  preserved  that  the  beauty 
and  apparently  unusual  perfection  of  the  specimen  are  due.    Almost 
the  only  damage  that  the  skeleton  has  sustained  consists  of  some 
crushing  of  the  skull,  and  the  loss  of  a  few  of  the  tail  vertebrsB,  and 
of  some  of  the  small  bones  of  the  paddles. 

The  fortunate  rescue  of  this  interesting  specimen  by  Mr.  Gillett 
affords  a  good  instance  of  the  value  of  local  observers  in  preserving 
rare  fossils  which  would  be  otherwise  totally  lost 

We  may  remind  our  readers  that  the  species  before  us  is  not  a 
typical   representative   of    the  genus   Ichthyosaurus y  of  which  the 

>  The  specimen  is  referred  to  in  the  Museum  Catalogue  of  Fossil  Reptiles,  pt.  2, 
p.  84,  No.  R.  498  (1889). 

DBCAOB   III. — TOL,    YIIU^SO,    TIU  \^ 


lioiio  lvin;r  iiiiinodijjtt'lv  l>i'lo\\ 
liiiil) — is  .'I  ijr.irly  ^(juare  boi 
win  Teas  ill  the  typical  group 
no  such  notch. 

All   these   characters    indie 
J.  tenuirostris  is  much  less  s] 
thereby   less   widely   differenti 
>    ^  Indeed,  so  different  is  the  strut 

and  J.  communis,  that  if  we  \ 

could  be  but  little  hesitation  i 

*  sentative  of  a  distinct  genus.     1 

geological  readers  would  prefer 
-  are  certain  intermediate  forms  ^ 

-?  -  to  defiue  such  genera ;  so  that  foi 

3  rest  in  the  genus  to  which  it  was 

-3  The  sj>ecifio  characters  of  the 

-y  its  long  and  slender  rostrum,  nan 

f  a  notch  on  the  hinder  border  o 

>  British  Museum  with  the  rostrum 

were  separated  by  Sir  R.  Owen  at 
be  identical  with  the  earlier  I.  /ai 
series  of  specimens  from  the  Lo 
Dublin  Museum  indicates,  howe^ 
specifio  value,  so  that  all  these  fc 
to  J.  tenuirostris. 

We  may  conclude  this  notice  b; 
the  British  Museum  Catalogue 
recent  researches  of  Dr.  E.  Fraa 
Owen,  has  smooth  c^rinated  tee 
that  this  species  should  be  trar 
which  it  has  l)Pf*n  »- 
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IL — The  Pkrohbd  Blooks  of  Norber  Brow  and  their  Levels 

RELATIVE  TO  THEIR  PlAOE    OF   OrIGIN. 

By  T.  Mella&d  Rbadb,  C.E.,  F.6.S.,  F.R.I.B.A. 

TN  a  recent  excursion  the  Liverpool  Geological  Society  visited 
Norber  Brow,  near  Austwick,  to  inspect  the  celebrated  perched 
blocks  of  Silurian  rock  lying  upon  the  Carboniferous  limestone 
plateau.  The  visit  was  made  in  very  appropriate  weather  during 
a  storm  of  hail  which  added  a  weird  element  to  the  scene  and 
heightened  by  contrast  the  blackness  of  the  Silurian  blocks.  Since 
returning  home  I  have  re-read  Prof.  McKenny  Hughes'  interesting 
paper  on  the  subject,^  and  find  that  generally  speaking  my  notes 
and  measui'ements  are  in  accord  with  his.  The  angularity  of  the 
perched  blocks,  so  different  to  the  rounded  and  striated  erratics 
of  the  Boulder  Clay  Plains  of  Lancashire  and  Cheshire,  and  the 
absence  of  Boulder  Clay,  is  very  striking,  and  inevitably  suggests 
their  transportal  by  glacier  ice  probably  at  the  last  phaise  of  the 
glacial  period. 

It  has,  I  believe,  been  generally  taken  for  granted  that  these 
blocks  are  higher  than  their  origin,  and  have  been,  as  stated  by 
Prof.  Hughes,  pushed  up  hill  from  the  north.*  Being  specially 
interested  in  this  question,  which  was  raised  on  the  spot  by  our 
excellent  guide  Dr.  Eicketts,  four  of  our  party,  after  descending  into 
the  valley,  climbed  up  the  western  side  and  traversed  it  northwards 
towards  Crummack.  The  first  object  that  attracted  attention  was 
a  magnificent  glaciated  surface  or  roche  moutonnie  of  Silurian  rock 
on  our  left  ascending  the  slope  to  the  west  transversely  to  the  direc- 
tion of  the  valley.  On  the  right  at  about  the  level  of  the  perched 
block  on  Norber  Brow  figured  in  Prof.  Hughes's  paper  (p.  530), 
which  I  shall  refer  to  as  Perched  Block  No.  1,  and  which  we  took 
for  our  datum  level,  was  what  may  be  fitly  described  as  a  mason's 
yard  of  black  angular  Silurian  blocks,  as  large  or  larger  than  those 
on  Norber  Brow.  The  bed  rock  was  Silurian  also  and  further 
northward  up  the  valley  appeared  to  be  much  glaciated.  Continuing 
our  ascent  we  reached  the  junction  of  the  Silurian  with  the  Car- 
boniferous Limestone,  and  following  the  contour  northward  came 
upon  a  jutting  crag  of  Silurian  from  which  several  huge  blocks  had 
separated  at  the  joint  planes  a  distance  of  a  foot  or  two.  These 
blocks  had  a  slight  cant  down  hill,  and  were  just  in  a  condition  and 
position  for  transportal  had  the  valley  been  filled  with  glacier  ice* 
The  upper  surface  of  the  crag  appeared  to  be  rounded.  The  rock 
evidently  breaks  up  naturally  into  cuboidal  masses.  Here  then  was 
probably  the  origin  of  the  blocks  of  Norber  Brow,  as  according  to 
the  aneroid  observations  made  by  me  and  checked  by  Mr.  Ashton 
Hill,  C.E.,  this  Crag  is  265  feet  above  Perched  Block  No.  1  on 
Norber  Brow.  The  highest  point  of  the  Silurians  we  tried  by 
aneroid  was  295  feet  above  the  same  datum.  It  is  evident  that  the 
movement  of  the  blocks  towards  Norber  Brow  was  in  accordance 

'  On  8omo  Perched  Blocks  and  Associated  Phenomena,  Q.J.G.S.  vol.  xlii. 
pp.  627-538  (1886).  2  Q.J.G.S.  vol.  x\\\.  ^^.  5^Y  Wi-EiL  b'i^. 
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vily  aud  downhill.     A  glacier  filling  the  Crom- 

.  move  southward  and  the  blooke  id  quesliou 

IwesI  eide  of  the  valley  niigbt  be  Btrsnijed  where  tbey 

■  orber  Brow.     Tliere  is  no  doubt  thnt  tlie  pedestals 

.  which  moBt  of  them  stand,  and  wbicii  vary  from 

I  height,  are  due  to  the  wasting  away  of  the  aur- 

le  ro<:k  as  pointed  out  by  Prof.  Hughes  and  Mr. 

It  I  quite  agree  with  Prof.  Hughee  that  more  data 

^ent  available  would  he  required  before  any  reliable 

Rime  that  haa  elapsed  since  the  close  of  the  Gladal 

I  worked  out 

I  not  intended  to  apply  to  tbe  Silurian  blocks 
Lhich  Phillips  states  are  200  feet  above  any  similar 
Btrict  in  8i'(ii.'  Aa  we  did  not  see  them  or  teat  tbeii 
pirks  of  mine  would  be  superfluoua. 

f-Es  Cretaceods  Seriks  of  thk  Tale  of  Wardoitb. 

-Beownb,  F.G.S.,  and  Ebt.  W.  E.  Asdkbws,  F.G.S. 

n  known  that  certain  depoaits  of  Lower  Cretaceous 

:.ween  the  Gault  and  the  Purbeck  group  in  the  Vale 

t  the  absence  of  any  good  open  eectiona,  along  the 

y  reach  the  surface,  has  hitherto  prevented  geologists 

lig  the  exact  nature  and  suocea«ion  of  the  beds. 

e  account  of  the  Vale  of  Wurdour  is  wonderfully 
'iatinctly   recognized   tbe    existence    both   i  ' 
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One  of  the  ferruginous  layers  in  the  sands  has  yielded  a  fairly 
good  specimen  of  Exogyra  ainuata,  which  is  one  of  the  most 
oharaoteristic  fossils  of  the  Vectian  group. 

In  this  well  the  hase  of  the  group  is  evidently  not  reached,  but 
most  fortunately  it  is  completed  by  a  brook  section  at  Tefifont,  which 
begins  in  a  black  clay  exactly  like  that  found  at  the  bottom  of  the 
well.  This  black  clay  is  about  six  feet  thick,  and  passes  down  into 
a  nearly  black  sand  which  has  a  green  streak  when  cut,  and  consists 
mainly  of  dark-green  grains  of  glauconite. 

Underneath  this  sand  are  mottled  clays,  which  were  recognized 
by  Mr.  Whitaker  as  similar  to  the  "  catsbrain  "  clays  of  the  Weald, 
— their  tints  are  yellow  and  white,  mottled  here  and  there  with 
a  rich  claret-colOured  stain,  which  imparts  a  special  character  to  the 
clay.  Below  are  yellow  loamy  clays.  We  consider  these  to  be  of 
Wealden  age,  and  the  dark  sand  to  be  the  base  of  the  Vectian ;  but 
as  the  section  is  not  clear,  and  this  sand  has  not  yet  been  found 
elsewhere,  we  cannot  say  whether  the  sand  is  conformable  to  the 
clays  or  not. 

The  maximum  thickness  of  the  Yectian  appears  to  be  about  forty 
feet,  and  the  yellowish-green  sands  which  underlie  the  pebbly  base 
of  the  Gault  can  be  traced  westward  for  several  miles  both  along 
the  southern  and  the  northern  sides  of  the  Yale,  overlapping  the 
Wealden  and  the  several  divisions  of  the  Purbeck  beds,  and 
gradually  thinning  out. 

The  thickness  of  the  Wealden  clays  is  difficult  to  estimate,  because 
exposures  are  so  few  and  the  slopes  are  so  gentle ;  but  there  can 
hardly  be  more  than  40  or  4.5  feet  at  the  east  end  of  the  vale, 
and  they  thin  out  rapidly  towards  the  west,  not  extending  far 
beyond  Teffont  on  the  north  side,  nor  far  beyond  Sutton  Eow  ou 
the  south  side. 

Eastward  the  Wealden  occupies  a  certain  width  of  flat  ground 
which  merges  into  the  alluvium  east  of  Dinton  Station.  At  the 
cottages  north  of  the  station  a  well  was  sunk  for  about  forty  feet 
through  yellow-grey  and  brown  clays.  We  were  informed  that 
there  was  a  perfect  succession  of  clays  without  any  sudden  change 
or  any  pebbly  bed,  but  that  at  the  bottom  there  was  a  floor  of  very 
hard  sandstone.  The  accuracy  of  this  information  we  proved  by 
having  the  well  emptied,  and  the  bottom  tested  with  a  punch.  A 
piece  of  this  sandstone  was  given  to  one  of  us  by  the  well-sinker, 
and  is  a  hard  grey  calcareous  grit  with  Cypridea  punctata.  The 
material  thrown  out  of  the  well  also  yielded  Cyprtdes,  Paltidina 
carinifera,  and  TJnios,  We  believe  these  clays  to  be  of  Upper 
Purbeck  age,  for  the  lower  part  of  them,  with  a  band  of  calcareous 
grit,  exactly  like  that  in  the  well,  can  be  seen  in  the  first  cutting 
west  of  the  station,  and  they  are  succeeded  by  a  set  of  clays,  marls, 
and  thin  limestones,  which  have  a  much  greater  resemblance  to  the 
Purbeck  beds  than  to  the  Wealden. 

When  the  railway  was  made  there  must  have  been,  aw  ^TL.Cifc\^^xv\. 
section  of  these  heda  and  the  upper  part  of  the  "^\dd\©  Ywt\^^%  Kxn. 
the  two  cattiDga  west  of  Dinton  Station;  now  tiie^  «kX^  ^^  Q.N%it- 
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very  difficult  to  ranke  out  the  relations  of  the  strafa, 
■lainly  tiexured  and  perbsps  faulted.     We  feel  sure, 
lio  l«rls  in  Ihe  first  cutting  are  higher  than  thnse  in 
we  hope  in  a  future  paper  to  publish  the  evidence 
,86  our  concliisioDB,    If  our  reading  is  correct,  there 
ped  Upper  Purbeck  eeries  in  the  Vale  of  Wardour, 
B  of  7U  or  80  feet :  and  this  is  sueceeded  by  repre- 
e  Wealden  and  Veotian  series,  which,  however,  are 
d  and  taken  together  are  less  than  100  feet  thick. 

;CKST    AND    KaPID    EtEVATIOlf    OF   THE    HiMALATAS. 

Hy  Uekky  U.  nowoKTU,  E*,.,  M.P.,  alfi. 

umber  of  the  Geological  Maoazinb  my  friend  Mr. 
infuiil  takcM  exception  in  very  courteniiB  terms  lo 
e  niriintflined  in  regard  to  the  recent  elevation  of  the 
Eastern  Asia.     I  cannot,  however,  quite  grasp  how 

disftgreea  with  me.  He  does  not  apparently  question 
•hich  has  so  imprcRsed  experienced  obaervera  like 
chiaon,  Tschihatcheff,  ColU.  and  Senkofski  in  regard 

of  tracea  of  widespread  glacial  phenomena  in  the 
of  the  Ural,  Ihe  Altai,  and  the  Thian  Shan  ranges, 
t  from  nli  considerationa  seema  to  me  inexplicablu  on 
y  tbiin  that  theae  mountains  did  not  esiat  during  the 
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as  empbatio  as  Mr.  Campbell.  Lastly,  it  is  true  I  have  not  myself 
been  tbere,  but  I  bave  seen  many  photographs,  and  many  drawings, 
and  notably  the  magnificent  drawings  of  the  Himalayan  scenery  by 
Colonel  Trotter,  which  show  the  contour  and  structure  of  the  valleys 
so  admirably.  These  were  exhibited  only  a  few  days  ago  at  the 
(3eographiccd  Society,  and  I  was  struck,  as  other  people  were,  by 
the  angular,  sharp,  crisp  outlines  of  the  rocks  and  the  absence  of  the 
peculiar  curves  that  denote  glacier  action,  and  this  not  merely  on 
the  watersheds,  but  in  the  valleys  themselves.  The  drawings,  be  it 
remarked,  represented  nearly  the  whole  length  of  the  chain. 

I  must  not  be  misunderstood.  I  did  not  say  in  my  paper  that 
there  are  not  traces  of  the  glaciers  having  once  extended  further. 
I  said  very  plainly  indeed  that  there  are  such  traces.  Sir  J.  Hooker 
and  Mr.  Blanford  proved  this  long  ago.  The  Himalaya  glaciers 
seem  to  me  like  glaciers  in  other  parts  to  have  shrunk  considerably. 
What  I  do  maintain  is  that  these  traces  are  only  found  when  we  have 
mounted  the  valleys  several  thousand  feet,  and  that  they  are  quite 
incommensurate  in  size  and  importance  with  the  vast  glacial  d&hriB 
and  phenomena  which  should  be  found  on  the  flanks  and  in  the 
neighbourhood  of  these  gigantic  mountain  buttresses  if  during  the  so- 
called  glacial  age  they  had  formed  the  feature  in  the  landscape  which 
they  do  now.  As  gathering  ground  for  ice  at  a  time  when  Central 
Asia  was  occupied  by  water  instead  of  being  an  arid  plain,  they  are 
incomparably  great,  when  contrasted  with  the  Dovre  Fjelds  which  shed 
their  dSbria  as  far  as  the  Carpathians,  Central  Russia,  and  Norfolk  ; 
or  the  Alps  whose  debris  occurs  down  the  Rhone  valley  as  far  as 
Lyons,  and  if  they  had  existed  in  the  so-called  Glacial  age  we  ought 
to  find  the  great  Indian  plain  strewn  widely  with  unmistakable 
debris,  instead  of  having  to  painfully  search  for  it  until  we  reach 
a  height  of  7000  or  8000  feet  I  must,  therefore,  claim  Mr. 
Blanford  as  supporting  my  conclusion  rather  than  criticizing  it. 
In  regard  to  the  main  question,  an  important  witness  is  Mr.  Blanford 
himself.  Let  me  quote  testimony  for  which  he  was  responsible 
when  he  was  in  the  very  thick  of  his  geological  labours  in  India, 
and  long  before  he  had  largely  forsaken  the  happy  hunting  grounds 
of  Geology  for  those  of  Zoology. 

On  page  Ivi  of  the  introduction  to  the  Manual  of  Indian  Geology, 
in  discussing  the  origin  of  the  Himalayas,  we  read.  *'  The  whole  of 
the  gigantic  forces,  to  which  the  contortion  and  folding  of  the 
Himalayas  and  the  other  extra  peninsular  mountains  are  due,  must 
bave  been  exercised  in  the  interval  which  has  elapsed  since  Eocene 
times.  .  .  .  The  direction  of  the  Himalayan  ranges  is  clearly  due  to 
poet-Eocene  disturbance.  It  will  be  shown,  in  the  chapters  relating 
to  sub- Himalayan  rocks,  that  the  movement  has  been  distributed 
over  the  Tertiary  and  post-Tertiary  period ;  and  a  great  portion  of 
it  i$  of  post' Pliocene  date.^^  Again,  "As  it  is  certain  that  a  great 
portion  of  the  disturbances  afiecting  the  Himalayan  strata  are  of 
Pliocene  or  post-Pliocene  date,  it  is  reasonable  to  conclude  that 
at  the  close  of  the  Miocene  epoch  no  such  mountain  barrier  as  exists  at 
freseiU  separated  the  Indian  peninstda  from  Central  Asia.    There  is 
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t'idence  in  favour  of  (he  view  that  tbe  elevation  of 
I.ln(enii    is    of    post-Siwdik    dale;    for   remaiiw  of 

and  it  is  not  probable  that  these  auimalB  lived  in  bo 
0.1  "  (.■<?.  pp.  6H5  and  586). 

iiedly  an  important  witness  in  support  of  tbe  views 
id  of  Klrachey,  behind  whose  broad  (egis  I  claim  to 

)!),  tliere  are  two  statements  in  Mr.  Blanford's 
,  which  I  wish  to  traverse.     He  says  Mr.  Lydekker 

that  the  Kliinoceros  remains  from  tbe  Hioondes 
Pliocene  age.  Mr.  Lydekker  was  once  of  that  opinion, 
leutly  withdrew  it,  and  has  printed  his  opinion  that 
be  beds  in  which  ibey  occur  to  be  of  post-Terliaryage. 
venture  Mr.  Blanford  says.  "That  if  I  bad  had  aii 
[  seeing  what  is  perhaps  tbe  grandest  example  of 
iation  in  tlie  world,  I  shonld  be  as  little  inclined  ae 
t  that  Bitch  gigantic  furiows  as  ihe  Himalayan  valleys 
1  ploughed  out  by  rain  and  rivers  since  tbe  frozen 
re  imbedded  in  tbe  Siberian  tundras." 

ia  that  I  do  not  for  a  moment  believe  that  these 
ploughed  out  by  rain  and  rivers  at  all,  and  tbat  it 
i  incredible  to  believe  that  the  eplintered  precipitous 
vi\  precipices  of  the  Himalayan  valleys  were  carved 
jgen^e^j^hji^li^lntl^l^rt^^li^inij^^ 
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instanoes"  (Joe.  ct<.),  are  very  well  known  to  stadenU  of 
chemistry ;  but  they  are  not  to  the  point  There  is  the  error 
which  mistakes  the  algebraic  sum  of  the  results  of  a  ohemioal 
reaotion  (as  expressed  in  thermal  units)  for  pure  ohemioal  com- 
bination, qud  entry  into  atomic  union.  I  thought  that  'chemical 
oombination'  was  a  phrase  sufficiently  guarded,  if  taken  in  its 
technical  and  literal  sense;  and  I  still  think  so.  All  that  Mr. 
Fisher's  'authority'  has  urged,  and  a  good  deal  more,  was  before 
my  mind  when  I  penned  the  sentence:  ''It  is  something  much 
more  complex  than  that"  (p.  563).^  Mr.  Fisher's  authority  thus 
takes  a  different  ground  altogether  from  mine,  when  he  enunciates 
the  doctrine  that  ''many  chemical  changes  are  attended  with  the 
disappearance  of  heat"  Of  course  they  are.  Why,  every  case  of 
dissociation  (which  is  a  'chemical  change')  is  attended  with  the 
disappearance  of  heat  or  of  an  equivalent  amount  of  electrical  energy 
(in  electrolysis).  But  all  such  cases  will  at  once  be  seen  to  be 
rigidly  excluded  from  the  term  "  chemical  combination."  The  fact 
is  the  term  chemical  change,  as  illustrated  by  the  authority  who 
uses  it,  covers  the  whole  process  of  the  reaotion  in  each  case;  it 
includes  the  antecedent  dissociation  (or  partial  dissociation),  bringing 
on  what  I  have  elsewhere  called  the  "  quasi-nascent  state," '  which 
must  precede  the  recombination  of  the  atoms  or  radicles  to  form 
new  molecules.  It  is  of  the  latter  only  that  I  speak  in  my  December 
letter ;  and  it  must  be  quite  obvious  that  pressure  is  antagonistic  to 
the  former.  We  may  put  it  thus : — If  $  =  the  amount  of  kinetio 
energy  manifested  {qud  heat)  as  the  result  of  a  reaction  of  two 
bodies  on  one  another ;  further,  if  we  take  x  =  the  amount  of  heat 
used  up  in  the  preliminary  dissociation  (or  partial  dissociation)  of 
the  antecedent  molecules ;  and  \i  y  "=.  the  amount  of  heat  evolved 
in  the  recombination  of  the  atoms  thus  rendered  available ;  the  very 
simple  equation 

seems  to  me  to  cover  the  facts  of  the  case,  in  the  simplest  form  in 
which  the  problem  can  be  presented  to  us;  as  {e.g.)  in  the  com- 
bination of  two  volumes  of  hydrogen  and  one  volume  of  oxygen  to 
produce  steam.  And  if,  as  in  a  comparatively  small  number  of 
cases,  there  follows  a  secondary  dissociation  into  proximate  con- 
stituents different  from  those  which  formed  the  antecedents  of  the 
reaction,  calling  the  heat  expended  in  this  x\  we  get  the  equation 

e  =iy  -  (»  +  x'). 

All  that  Mr.  Fisher's  authority  has  contributed  then  to  the 
discussion  is  to  inform  us  that  in  the  cases  he  has  cited  (and  there 
are  plenty  of  others)  the  value  of  x  (or  in  some  cases  of  a;  +  x') 
exceeds  the  value  of  y,  in  which  case  0  is  negative,  and  the  phe- 
nomenon is  endothermic.     On  the  other  hand,  if  the  value  of  y 


t 
^ 


^  Thoie  who  wish  for  real  information  on  the  subject  may  be  referred  to  Pattison^ 
dr't  "Thennal  Chemistry"    (1885),   and    the    EngUaVi  ediXioTi  ol   ^«!wv;5l'S: 
OMUaas  of  Oenenl  Chemistry  "  (1890),  both  published  \)y  l^flLtvwXUw. 
*  *-'*iWMa/iVeir^  Nob,  1402  and  1606,  **  On  DiaaociataoiitLii^OQTiXAfiX.  K'ciCkssiO 
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r  (or  a;  +  a/),  9  is  positive,  ami  tlie  phenomenon  la 

■be  Huhaeqnent.  or  even  simultaneous  absorptiun  of 

Int  (euob  us  nitT0p;eu,  in  alt  cftsea  of  bodies  burning 

difference,  for  tliia  belongs  to  the  dittribuiion  of  the 

.  DO   difierenCB   in   the   quantity  of  heal   generaled, 

)  for  the  same  weight  of  the  same  materials  eon- 

le  reaction.' 

r  instance,  that  heat  is  used  up  (endothermic)  in  the 

f  0,  =  2C0,  for  the  simple  reason  that  more  heat  is 

t  the  dissociation  CO,  =  CO  +  0,  than  is  erolved 

ftnt  combination  (molecule  for  molecule)  expressed  by 

I  +  0  =  CO  ;  and  we  are  pretty  sure  that  this  is  the 

n  of  the  observed  phenomena,  because  we  know  from 

lidence  that  the  heat  of  combustion  of  C  into  CO  is 

^alf  of  that  of  the  combustion  of  the  same  amount  of 

J  reaction  CO  +  O  ^  COj.     These  facts  have  found 

Bears  past  into  such  welUknowu  text-books  of  chemis- 

■ ;  ■' Chemistry  for  Students"  (see  §  60,  2nd  ed.)- 

6  of  NO  we  require  the  bij;h  temperature  of  the 

niscbarge  to  effect  tbe  antecedent  dissociation  of  the 

joules  before  we  get  NO  formed ;  but  in  this  case  I 

)  that  the  phenomenon  is  endothermic,  ihongh  the 

'  e  heat  of  combination  may  deceive  ns,  if  we 

luportaiit  distinction    between    quantity   j 
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It  is  stated  that,  **  Whether  it  be  atomic  energy  or  not,  is  not  at 
present  known."  Does  this  mean  that  we  cannot  distinguish  between 
the  energy  of  translation  of  the  molecules  of  a  gas  or  the  energy  of 
eohesion  of  the  molecules  of  a  solid,  and  the  intra-molecular  energy 
which  the  atoms  possess  per  se  ?  Is  it  meant  to  say  that  recent 
advances  in  chemicMd  physics  have  not  led  to  the  recognition  of  the 
atom-temperature  within  the  molecule  as  affecting  for  the  time  being 
the  stability  of  the  molecule  itself?  Does  it  mean  to  tell  us  that 
we  cannot,  in  the  light  of  a  host  of  known  facts,  draw  a  distinction 
between  those  molecular  moods  or  states  of  matter  which  we  call 
magnetic  and  electric,  and  that  interaction  between  the  atoms  which 
is  concerned  in  building  up  those  molecules,  and  which  we  call 
chemical  affinity  ?  Or,  turning  to  his  own  chosen  examples,  can 
Mr.  Fisher's  authority  bring  forward  any  array  of  cogent  facts  to 
shake  or  overthrow  the  doctrine  that  the  avidity  with  which  CO 
takes  up  oxygen  (whether  free  or  combined)  when  the  temperature 
is  raised,  and  that  most  characteristic  avidity  with  which  NO  takes 
up  0{  (at  ordinary  temperatures)  is  in  both  cases  due,  not  to  any  force 
resident  in  the  molecule  as  such,  but  to  the  unsaturated  valency  of 
the  C-atom  or  the  N-atora  respectively?  Intra-molecular  energy 
seems  to  me  as  clearly  distinguishable  from  molecular  energy,  as  the 
latter  is  from  "  ordinary  mechanical  or  molar  energy."  * 

Reverting  now  to  Mr.  Fisher's  original  paper  in  the  Geoix)GIOAL 
Haqazink  (July,  1890),  I  think  I  can  follow  his  reasoning  pretty 
clearly,  until  on  p.  304  he  says:  "We  must  now  inquire  into 
what  forms  of  energy  the  work  has  been  converted."  Here  there 
seems  to  me  some  confusion  of  thought.  *  Energy '  is  the  capacity 
for  doing  work ;  that  is,  for  producing  or  retarding  motion,  or  over- 
coming resistance  to  motion.  The  amount  of  energy  expended  is 
always  proportionate  to  the  work  done.  In  the  case  before  us  the 
energy  is  presented  in  the  mechanical  form  of  pressure,  and  if  the 
lateral  pressure  is  the  result  of  the  original  *  energy  of  position '  of 
another  portion  of  the  Earth's  crust,  the  actual  source  of  the  energy 
is  gravitation  acting  upon  the  mass  favourably  situated.  This  being 
in  part  resolved  into  lateral  thrust,  the  energy  of  that  thrust  is 
expended  in  doing  work  which  is  distributed  among  the  following 
terms : ' — 

1.  The  lifting  of  the  cover  (potential  energy  of  position)  ; 

2.  The  elevation  of  the  centre  of  gravity  of  the  deformed  mass, 
in  so  far  as  the  extension  of  the  mass  takes  place  upwards  (potential 
energy  of  position) ; 

3.  The  work  of  compression  (molecular  friction  generating  heat) ; 

4.  The  work  of  shearing^  bending^  and  fracture. 

Where  I  am  unable  to  follow  Mr.  Fisher's  reasoning  is  with 
reference  to  the  last  term,  which  is  surely  outside  the  others  altogether. 

*  Since  writing  this  paper  I  have  noticed  that  the  above  coses  with  some  others 
tre  discussed  in  a  very  suggestive  (though  scarcely  exhaustive)  manner  by  Professor 
Liveing  in  his  little  book  '*  Chemical  Equilibrium,  the   ReftuU  ot  l^Ss8i^\i\\Q'DL  ^V 
Enemr"  (1883). 

*  Eefemag  to  the  geometrical  construction  used  by  Mr.  EibYlot  ^lo«.  c\t^. 
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All  that  he  ooDBiden  the  resnlt  of  shearing  aeemB  to  me  the  direct 
resalt  of  the  lateral  pressure ;  shearing,  bending,  and  fraotore  being 
simply  caneomitant  items  of  expenditure  of  the  energy  of  the  lateral 
pressure.  Shearing,  bending,  and  fracture  are  simply  work  done 
in  opposition  to  the  force  of  eoheeion ;  the  force,  that  is  to  say,  which 
tends  to  maintain  the  molecules  of  a  solid  at  fixed  distances  and  in 
fixed  relative  positions,  to  which  the  undefonned  mass  owed  such 
rigidity  as  it  possessed ;  and  this  important  factor  Mr.  Fisher  seems 
to  have  overlooked.  In  both  shearing  and  bending  we  must  also 
have  some  molecular  friction,  with  its  thermal  effect ;  but  it  is  not 
easy  to  see  how  even  this  applies  in  the  case  of  fraeture,  whidi  is 
simply  the  work  of  overcoming  cohesion.  When  Mr.  Fisher  says 
*'  this  part  of  the  energy  is  not  convertible,  etc.»"  he  seems  to  me  to 
be  using  the  word  '  energy '  where  he  ought  to  use  the  term  '  work.' 
Herein  appears  to  lie  the  fallacy  of  the  whole  argument;  and 
through  this,  as  through  a  loop-hole,  the  idea  of  chemical  action 
seems  to  insinuate  itself' 

Turning  now  to  Mr.  Harker's  letter,  the  first  thing  that  calls  for 
remark  is  the  **  direct  correlation  of  mechanical  work  and  chemical 
energy"  This  is  very  nicely  put ;  so  nicely  that  the  unwary  reader 
is  easily  led  oflf  the  scent  On  this  I  simply  ask  for  an  explanation 
of  the  word  'correlation.'  What  lies  hid  behmd  that  rather  big 
word  is  the  gist  of  the  whole  question  we  are  trying  to  solve. 
Sorby  certainly  suggested  something  of  the  sort ;  but  we  must  have 
something  more  solid  than  suggestions,  as  a  basis  upon  which  to 
construct  sound  scientific  theory.  If  Dr.  Sorby  or  any  one  else  will 
show  how  we  can  step  by  step  follow  such  a  transformation  in 
harmony  with  what  some  of  us  know  from  years  of  thonghtful  and 
fairly  extensive  study  at  first-hand  of  the  facts  and  phenomena 
which  form  the  groundwork  of  chemical  theory,  some  real  advance 
will  be  made.  Until  this  is  done,  we  shall  have  to  regard  the  cited 
suggestion  as  no  more  than  a  gigantic  guess.  It  may  be  useful  in 
pointing  the  way  to  further  investigation ;  but  to  draw  deductions 
from  it,  as  if  it  were  a  well-established  induction,  is  altogether 
unscientific. 

Mr.  Barker  refers,  however,  to  experiments  of  Cailletet,  Pfafif, 
and  Spring,  as  affording  practical  verification  of  the  suggestion  of 
Dr.  Sorby.  Unfortunately  this  rough  massing  together  of  experi- 
mental evidence  gives  us  a  result  of  such  a  neutral  character  as 
we  are  familiar  with  in  ordinary  laboratory-processes  of  alkalimetry. 
I  know  some  of  Cailletet's  splendid  work  very  well,  but  this  has 
hardly  any  bearing  upon  the  question  before  us.  If  Mr.  Harker 
refers  to  his  experiments  on  the  effect  of  pressure  upon  the  inter- 
action of  zinc  and  sulphuric  acid,  or  to  those  of  PfafT  upon  the 

'Ad  illustration  will  perhaps  make  this  clear.    We  may  expend  a  definite  amonnt 
of  energy  furnished  either  hy  the  muscles  of  a  horse  or  the  fuel  consumed  in  the  fire- 
place ot  an  ennne  in  drawing  a  series  of  loaded  trucks  along  a  ptrfeetly  horisonUl 
line  of  rails.     Work  is  done  in  overcoming  the  friction  of  the  wheels  against  their 
axles  and  against  the  rails,  and  m  tVie  dY&p\Wment  of  a  portion  of  the  atmosphere 
with  the  movement  of  the  train',  but  '^(OxxVd  oirs  otia  i:nTL\AaA\}&ax «q»s^  was  stored 
lip  in  the  train  P 
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intexaotion  of  hydrooblorio  acid  and  calospar,  and  upon  the  com- 
bination of  water  with  dehydrated  caloiam  sulphate,  they  all  tell 
against  the  notion  of  pressure  helping  chemical  action.  Pfaff  draws 
this  general  conclusion  from  them:  '*It  follows  quite  decisively 
from  these  experiments,  that  high  pressure  intercepts  chemical 
affinity,  when  for  its  aotiyity  an  increase  of  volume  is  necessary."  ^ 
All  this  seems  to  have  been  clear  enbugh  to  Mr.  Harker  some  six 
years  ago,  when  he  wrote:'  '*The  effect  of  increased  pressure  is 
to  facilitate  such  physical  and  chemical  changes  as  involve  con- 
traction of  volume  in  the  substances  acted  upon,  and  to  retard 
flanges  which  are  accompanied  by  expansion."  If  he  will  furnish 
references  to  later  work  of  Pfaff  in  which  his  conclusion  cited  above 
is  superseded,  he  will  confer  a  favour  upon  all  who  are  interested 
in  this  fundamental  question  of  petrology. 

As  to  the  work  of  Dr.  W.  Spring,  assuming  that  the  alleged 
crystalline  oopper  sulphide  was  proved  to  be  a  definitely  crystal- 
lized chemical  compound,  we  have  to  consider  whether  such  alleged 
combination  is  accompanied  by  increase  of  density.  We  may 
attack  the  question  I  think  fairly  in  this  way : — 
Assuming  the  following  constants : — 

At.Wt.  8p.Gr. 

Metallic  copper     Cu  =  63*5     89 

Elementary  sulphur      ...       S  =  32        2*07 

and  dividing  each  at  wt.  by  the  sp.  gr.,  multiplied  into  the  molecular 
weight  of  water,  we  have  for  our  present  purpose, 

63-5  -=-  (8-9     X  18)  =  -39  (vol.  ratio  of  Cu  atom): 
32     -^  (2-07  X  18)  =  -86  (vol.  ratio  of  S  atom). 
If  the  combination  were  merely  'additive,'  we  should  have  •39+*86 
(=  1*25)  for  the  vol.  ratio  of  the  fundamental  Cu  S  molecule. 
But  the  sp.  gr.  of  Cu  S  (crystalline)  being  4*6,  we  get 

(63-5  +  32)  -f.  (4-6  x  18)  =  1-14 

for  the  actual  vol.  ratio  of  the  same  molecule.  This  tells  us  plainly 
enough  that  the  union  of  atoms  is  accompanied  by  an  inereaae  of 
dewnty. 

Mr.  Barker  is  careful  to  point  out  the  necessity  for  keeping  the 
apparatus  cool  in  the  experimental  work  of  Dr.  Spring,  as  cited  by 
him.  Where,  one  may  ask,  would  be  the  necessity  for  this,  if 
(L)  there  were  no  heat  generated  by  friction  during  compression ; 
(ii.)  the  process  of  chemical  combination  (as  alleged)  were  endo- 
thermic  ?  We  have  no  right  even  here  to  say  that  any  portion  of 
the  mechanical  energy  is  transformed  into  chemical  energy.  The 
chemical  energy  was  potentially  already  in  the  atoms  of  Cu  and  S 
respectively,  as  a  function  of  their  atomic  weights  (according  to 
one  of  the  latest  generalizations  of  chemical  science) ;  all  that  the 
pressure   did   in  the  experiment  in  question  was  to  coerce  them 

^  See  AVgem,  und  Chem.  Oeol.  pp.  308-310:  **E8  geht  also  aus  diesen  Yer- 
nchen  ganz  entechicden  berror,  dass  starker  Druck  die  chemische  YerwandtschttS^ 
dann  aufhebU  wenn  zu  der  EntfaltuDg  ihrer  Wirksamkeit  emQ\o\\mi^«£m!^&rs&.^ 
ttforder]icb  is^. " 

*  Brit  Aasoc.  Report,  Aberdeen  Meeting  (1886),  p.  846. 
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jate  contact  as  to  bring  them  iBithin  Ihs  fieU  nf  !u 
lift.  loo.  seenia  to  be  Spring's  own  interpretatioa  ot 
iiined.' 

xact  reverse  of  tlint  of  Cu  S,  has  been  established  by 
t  work  of  Dr.  Spring  in  conjunction  witb  Van 't  Hoff.' 
leled  upon  was  the  double  ooelate  of  copper  and  lime, 
or  this  double  acetata  is  Cu(C,H,0,),+Cft(C,H.O,), 
.  occurs  as  S-sided  prisms  of  the  quadratic  system. 
built  up  with  the  aid  of  moderate  external  he»t  by 
ly  free  acetic  acid  to  a  warmed  mixture  of  equivalent 
neutral  acetate  of  copper  and  slaked  lime  in  water.' 
B  complicated  one  ;  but  it  is  not  reversible,  for  in  the 
erred  to  the  double  aoetale  is  resolved  by  a  pressure 
iheres  into  the  two  separate  acetal«s  of  copper  and 
aeparation-out  of  some  of  the  water  of  constitution, 
ge  in   fact  ae  is  effected  by  heating  the  salt  above 
nary  atmospheric  pressure.     The  effect  of  pressure 

;  tending  to  give  greater  closeness  to  tbe  atoms  until 
,r  configuration  which  belongs  to  their  most  stable 
may  compare  it  with  the  action  of  heat  in  breaking 
es  of  ammonium  nitrate  to  such  an  extent  as  to  allow 
earrange  themselves  (with  evolution  of  heat)  iu  the 
npounds  N,0  and  11,0.     The  fact  is  one  which,  taken 
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I  have  maintained  is  that  during  the  compression-stage  yon  must 
have  molecular  friction  (or  something  equivalent  thereto),  just  as, 
while  crushing  is  going  on,  you  must  have  molar  friction  (if  the 
phrase  may  be  allowed) ;  and  in  both  cases  you  must  get  some  of 
the  energy  expended  manifested  kinetically  as  heat  My  real 
contention  was,  that  the  intensity  of  such  heat  would  be  too  low  for 
it  to  be  of  any  practical  importance. 

To  sum  up,  I  must  confess  that  in  the  light  of  what  has  been 
adduced  in  this  paper,  I  see  no  reason  for  unsaying  or  qualifying 
anything  in  my  previous  letter^  (December,  1890),  though  I  am 
very  sorry  if  any  one's  susceptibilities  have  been  wounded.  It  was 
quite  unnecessary  for  Mr.  Uarker  to  oflfer  me  any  apology;  but 
I  am  a  little  surprised  that  he  should  not  have  read  what  was  put 
into  print  as  a  criticism  or  stricture  upon  his  own  most  valuable 
essay,  which  was  printed  in  the  Beport  of  the  Brit  Assoc,  in  1885. 

The  one  great  factor  of  mineral  change  at  depths  is  superheated 
wnter,^  the  existence  of  which  is  dependent  on  pressure.     This  both 
Mr.  Fisher  and  Mr.  Harker  seem  to  have  overlooked.      But  the 
experiments  of  Daubree  and  others  go  to  show  that  its  action  is  in 
many  oases  in  the  direction  of  the  resolution  of  higher  and  more 
complex  compounds  into  simpler  and  denser  mineral  forms,  rather 
than  in  the  building-up  of  more  complex  out  of  simpler  compounds. 
[Since  this  paper  was  written  I  have  received  from  M.  Troutschoff 
of  St  Petersburg,  a  copy  of  his  interesting  paper  in  the  **  Comptes 
Bendus,"  in  which  he  gives  an  account  of  his  method  of  preparing 
crystalline  quartz  from  a  dialysed  solution  of  silica  in  water  by 
prolonged  heating  in  hermetically-sealed  tubes ;  and  in  "  Nature," 
vol.  xliii.   p.   545,  the  somewhat   startling  announcement  appears 
of  his  successful  achievement  of  the  synthesis  of  hornblende,  by  a 
similar  method,  out  of  the  various  oxides  which  generally  enter 
into  the  composition  of  that  mineral.     These  were  obtained  partly 
as  dialysed  solutions,  partly  as  fresh -precipitated  hydrates,  and  mixed 
in  right  proportions  as  such.     Each  tube  before   sealing   up   was 
exhausted  by  a  Sprengel  pump,  so  that  probably  most  of  the  un- 
oombined  water  was  drawn  away  as  vapour  along  with  the  air. 
The  sealed  tubes  were  heated  in  a  specially-constructed  sand-bath 
for  three  months  to  a  temperature  of  550°  C.     Under  these  con- 
ditions the  synthesis  of  hornblende  crystals  was  effected,  together 
with  some  pyroxene,  a  zeolite,  and  a  variety  of  orthoclase ;  and  it 
is  not  difficult  to  see  that  here  synthesis  of  the  denser  minerals  was 
facilitated  by  the   action  under  great  hydrostatic  pressure  of  the 
Buperheated  water  which  remained  in  the  tubes,  and  separated  out 
from  the  hydrated  materials  as  the  digestion  proceeded.     M.  Trout- 
schoff applied  in  fact  the  conditions  which  may  easily  be  conceived 
as  having  obtained  generally  in  the  genesis  of  the  heavier  minerals 
of  the  Archaean  schists.     See  my  work  (I6id,  pp.  68,  footnote,  and 
91,  95,  96).] 

*  With  one  exception,  which  no  one  has  noticed.     When.  I  sald^^V'Ci'Kt-'^JkSKafiA'* 
I  should  have  said  ^ shear-  and  thrust-planes.* 

'  Compare  pp.  10-16  o(  my  '•Chem.  and  Phva.  Studies  vn  VYi^  "Vlft\«w^Qt^t5Ss?w\. 
pfSoeka  ";  also  the  quotation  from  Pfaff  in  App.  ii.  l^ote  ^.     TlXi^  ^wV  q1  'fi^^'S. 
if  not  as  well  known  as  it  should  he  by  English  geologists. 
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i  FiBECLAia — Rrply  to  Majok-Geneb&i.  MaoMahok. 

By  W.  MiTNAED  Hutch  W08,  E«q. 
Number  of  Ihe  Gkolooical  Maoazinb,  p.  259,  Major- 
IncMahon  deals  with  my  paper  on  fireclays,  etc,  ami 
icb  fairnesB,  several  objeotioos  to  some  of  my  inter- 
inferenoeB,     Some  of  tbe  oritioiBniB  are  exactly  what 
it  to  be  made,  and  were  more  or  leas  present  in  my 
(hat  I  can  well  eee  how  they  may  ariae  id  tbe  minds 

Mabon  appears  to  bave  somewbat  overstated  my  views 
namic"  part  of  the  "MetainorphiBm "  in   question, 
ig  all  I  Bay  as  equally  applying  to  slates  and  clays, 
e  case.     Thus,  the  paragi-apha  he  refers  to  on  p.  168 
plainly  show  that  I  distinguish  between   what  has 
clays  and  allied  shales,  and  what  has  Ukan  place  in 
lasHges  in  my  previous  paper  make  this  still  more 
ly  hold  that  slates,  suoh  as  I  refer  to,  have  undergone 
of  very  "dynamio"  nature.     And  I  hold  that  the 
the  same  thing  went  on  in  the  clays  and  shales,  but 
«s  degree  (hat  I  think  General  McMahon  would  fully 

or  the  clays  is  summed  up  in  the  senlence  at  bottom 
J  Number  of  last  year),  where  I  spenk  of  "the  joint 
ure,  warmth,  and  mineral  solutions"  as  the  probable 
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HMlfahon  seems  to  infer,  the  trituration  of  a  clay  ("without 
priodiiig")  partly  in  water,  being  a  gentle  operation.  Bnt,  violent 
or  gentle,  1  fail  to  see  that  it  has  any  bearing  on  the  faot,  on  which 
itroBS  is  laid,  that  after  separation  none  of  the  larger  flakee  of  mica 
contain  any  mtile  at  all ;  nor  on  the  oonoluiion  which  this  fact 
enables  ub  to  draw,  in  view  of  what  we  know  of  the  nature  of  the 
materials  forming  these  deposits,  that  the  rutile  was  not  brought  into 
the  sediments  in  the  mica,  as  such. 

As  regards  the  faot  that  the  mioa  of  these  "comples  fiakes" 
containing  rutile  is  orientated  in  nil  directions,  I  do  not  look  npon 
it  as  of  mnoh  importance  one  way  or  other.  General  MaoMahoa 
thinks  that  if  the  mica  is  secondary  the  "  mulecnlcs  of  mica  would, 
at  the  moment  of  crystallization,  surely  have  followed  the  laws  of 
crystallization  and  have  arranged  themselves  in  definite  order." 
This  is  limply  an  d  priori  supposition  as  to  what  ought  to  take  place, 
and  can  hardly  count  as  an  argument.  As  a  matter  of  faot,  obser- 
vation of  mica  which  is  formed  as  a  secondary  product  in  altering 
felspar,  either  in  crystals  of  felspar  or  in  fine  folspathio  ash-material, 
seems  to  show  that  no  such  defiuite  order  is  by  any  means  the  rule, 
but  rather  in  most  cases  quite  the  reverse.  Suc^,  at  least,  is  my 
experience  with  materials  of  this  nature  of  which  I  am  just  now 
making  a  special  study. 

It  is  suggested  that  the  micaceous  ilmenite  may  be  the  source  of 
the  mtile.  I  do  not  think  examination  of  the  materials  could  lead 
anybody  to  this  view.  I  regard  this  mineral  as  secondary,  and 
derived  indirectly  from  the  same  source  as  the  rutile.  I  do  not 
know  that  the  transparent  and  translucent  micaceous  ilmenite  as  it 
occurs  in  these  clays,  etc.,  and  abundantly  in  some  slates,  has  ever 
been  regarded  as  anything  but  secondary,  nor  that  any  original  rook 
has  been  suggested  whence  it  could  be  derived  clastioally. 

Finally,  while  admitting  the  full  force  of  some  of  General 
MacMahon's  criticisms,  I  venture  to  think  that  the  subject  should 
be  looked  at  and  judged  a  little  more  at  a  tnholt,  taking  in  what  I 
might  call  outside  matters  as  well  as  details  of  the  laboratory  and 
the  microscope. 

Broadly,  the  matter  stands  as  follows :  We  have  these  large 
and  extended  deposits  of  the  Coal-measures  all  apparently  similar  in 
nature,  derived  from  similar  sources.  All  the  evidence  obtainable 
goes  to  show  that  these  sources  were  granites  or  gneisses.  There  is 
not  any  evidence  of  any  sort  to  show  that  any  other  class  of  rocks 
was  concerned  in  supplying  the  sediment,  and  I  am  not  aware  that 
any  student  of  them,  in  the  field  or  in  the  laboratory,  has  ever  sug- 
gested another  origin  for  these  beds,  either  wholly  or  partially. 

A  portion  of  these  deposits,  the  clays,  contains  these  vast  numbers 
of  rutile -needles.  I  suggest  that  these  are  oF  secondary  origin, 
formed  in  eUa,  and  I  think  they  result  from  the  decompnsition  of 
hiotite-mica,  which  can  be  seen  to  have  formed  so  large  an  item  in 
the  original  sediment;  because  biotite  when  tested  has  been  found 
to  contain  titanic  acid,  and  because  it  has  been  observed,  under  some 
conditioas,  to  give  rise  to  rutile  during  its  decomposition. 
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of  the  fireclays  may,  however,  be  Becon<lnry  and  yet 
wholly  or  even  in  part  from  the  biulito.     Some  other 
i  foi'  inslance,  may  have  been  the  parent,  though,  aa 
y  paper,  it  doss  not  seem  eo  likely. 
1  IB  not  secondary,  it  must  have  been  brought  in  with 
iiliment.     I  consider  it  may  bo  looked  on  as  shown 
t  contained  aa  such  in  tbe  original  mica.     Whence 
Cim  anyboiiy  point  to  granites  or  gneisses  containing 
n  the  abundance  required  for  Ihese  extensive  deposits, 
'  tbeni,  moreover,  not  in  the  mica,  the  nsnal  wav  in 
.  occur  when  seen  at  all?     If,  in  spite  of  all'the 
lis  head,  it  is  assumed  that  some  other  rock  and  not 

ted  which  supplied  the  nitile  and  the  mica?     And  if 
tliat  this  other  rock  supplied  only  apart  of  tbe  total 
all  tiie  rutile,  then  it  would  be  still  more  interesting 
ick  named.     It  is  easy  to  say  the  needlea  came  from 
t  where  did  they  come  from  ? 

of  the  origin  of  "the  minerals  in  these  special  clays,  etc., 
terest,  becanae  it  may  Ihrow  light  on  the  genesis  of 
yUites,    a   question  which   has  given   rise   to  much 
d  discussion  and  received  great  attention  froto  some 
\  in    peti'ologicnl  work.     It  is  a   somewhat  difScutt 
with,  and  I  would  be  the  last  to  think  that  my  own 
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I  suppose  that  but  few  previous  earthquakes  have  afforded  materials 
io  abundant  for  the  seismologist. 

Aeces9ary  Shoek. — It  is  probable  that  at  least  one  slight  acoessorj 
shock  occurred  between  ten  and  twenty  minutes  after  the  principal 
shook.  Near  Blackburn,  where  the  intensity  was  V.,  an  observer 
residinfi;  at  Wilpshire  "noticed  a  slight  recurrence  of  the  phenomenon 
some  time  afterwards — about  twenty  minutes."  At  Prestwich,  the 
iotensity  was  about,  or  perhaps  more  than,  lY.,  and  there  **  another 
but  feebler  shook  took  place — perhaps  some  ten  minutes  afterwards.'* 
The  evidence  is  clearly  incompletei  but  it  seems  most  probable  that 
both  accounts  refer  to  the  same  shock,  which,  owing  to  its  very 
slight  intensity,  escaped  detection  elsewhere. 

DiBiurhed  Area, — As  in  the  previous  earthquake,  the  places  where 
the  principal  shock  was  undoubtedly  felt  are  indicated  by  small 
discs,  and  those  where  there  is  good  reason  for  believing  that  it  was 
not  felt  by  small  crosses  ( x ).  For  the  former,  I  have  relied  almost 
entirely  on  the  numerous  accounts  given  in  the  local  press ;  for  the 
latter,  on  inquiries  made  in  the  district  with  the  view  of  determining 
the  exact  form  of  the  disturbed  area.  In  the  immediate  neigh- 
bourhood of  the  boundary,  the  evidence  is  somewhat  scanty,  and 
especially  is  this  the  case  near  Glossop  and  in  the  Peak  country. 
Having,  as  will  be  seen,  no  positive  evidence  from  the  latter  district, 
the  outline  in  this  part  cannot  be  regarded  as  very  exact. 

So  far  as  we  can  judge  from  the  materials  collected,  the  outline  of 
the  disturbed  area  seems  to  be  approximately  circular.  It  will  be 
seen,  from  the  table  of  intensities  given  below,  that  the  boundary 
corresponds  to  an  isoseismal  line  of  intensity  less  than  lY.  and 
greater  than  III.  Outside  this  area,  it  is  possible  that  the  shock 
may  have  been  felt,  and  probable  that  it  would  have  been  detected 
by  any  one  accustomed  to  the  observation  of  slight  earthquakes.  But 
that  it  could  have  been  felt  as  far  as  Birmingham,  as  one  observer 
states,  is  clearly  impossible,  first,  on  account  of  its  distance  from 
the  rest  of  the  disturbed  area,  and,  secondly,  because  it  was  not 
registered  by  one  of  Prof.  Ewing's  delicate  seismographs  erected 
there  in  my  cellar. 

The  disturbed  area,  thus  defined,  is  56  miles  from  north  to  south, 
and  54  miles  from  east  to  west ;  and  includes  an  area  of  about 
2480  square  miles. 

Time  of  Occurrence, — The  records  of  the  time  of  occurrence  can, 
unfortunately,  lay  claim  to  no  great  accuracy.  So  far  as  I  know, 
the  earthquake  was  registered  by  no  instrument  of  precision.  Ex- 
cluding, however,  all  estimates  that  are  admittedly  approximate,  we 
have  the  following  definite  records.  In  the  immediate  neighbour- 
hood of  the  epicentrum,  where  the  intensity  was  not  less  than  YL, 
it  was  noticed  at  Bolton  at  22  h.  35  m. ;  at  Turton,  at  22  h.  36^ m. 
by  one  account,  and  22  h.  37  m.  by  another.  Outside  this  range 
and  within  the  isoseismal  of  intensity  V.,  we  have  the  records  of 
22 h.  35m.  at  Farn worth,  of  22 h.  37m.  at  Aoorington,  of  22 h.  38m. 
at  Rochdale,  Hey  wood.  Bury,  and  Prestwich ;  of  22  h.  40  m.  at 
Tyldesley  and  Wigan;  and,  lastly,  of  22  h.  25^  m.,  clearly  wrong  if 
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«rae  Bliock,  Rt  RiKlcliffe.    Between  tliis  last  isoBeismal 
kiry  of  the  disturbed  area,  tUe  following  times  are 
im.  at  RiiBholme,  22h.  37m.  at  GreenhalRh,  Preston 
:    22h.    43ra.    at    Marbury    (near    Northwioh),   and 
Vttturhead  and  Heatoii  Chapel. 

i-idenoe,  I  have  indioaled  22h.  36m.  as  the  probable 
lenco   at   the   epiceutrum.     If  the  average   snrface- 
^  earth-wave  were  1200  feet  per  second,  the  chock 
it  the  limits  of  the  disturbed  area  about  two  miuutes 
1  reuarda  in  all  parts  of  the  area  are  too  discordant  to 
of  any  value. 

;  Siocft.— The  desoriptions  I  possess  of  tie  nature  of 
with  one  exception,  derived  entirely  from  newspapers, 
'ays  he  closely  trusted.     As  a  rule,  tbey  are  too  vague 
.  justify  detailed  quotation.     There  can  be  no  doubt, 
the  character  of  the  shock,  especially  with  regard  to 
vibrations  felt,  was  subject  to  considerable  variation 
.  disturbed  area;  but  this  we  should  be  led  to  expect 
no's  seismic  survey  of  an  area  of  about  nine  acres  in 
p  present  case,  it  is  possible  that  these  variatioos  may 
hutable  to  the  form  and  position  of  the  seismio  focus. 
■  liirga  number  of  accounts,  I  select  the  following  as 
if  the  different  effects  observed  : — 

T  thud  like  an  explosion. 
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with  the  position  of  the  plaoe  of  observation  relatively  to  that  of 
the  seism io  focus,  or  with  the  geological  structure  of  the  surrounding 
country. 

Now,  a  single  vibration  was  felt  at :  (a)  Blackburn,  Bury, 
Meltham ;  {h)  Bolton,  Hey  wood,  Bamsbottom,  Wigan ;  a  double 
vibration  at :  (a)  Longridge,  Prestwich,  Bhodes ;  (6)  Burnley, 
Leigh,  Marbury,  Nelson  ;  three  or  more  vibrations  at :  (a)  Chorley, 
Failsworth,  Hollinwood,  Middleton,  Stretford,  Whitefield;  and,  lastly, 
a  tremulous  or  continuous  vibration  at:  (a)  Bowdon,  Crompton, 
Darwen,  Manchester,  Preston  ;  (6)  Leftwich,  St  Helens,  Tottington. 
The  direction  of  the  Irwell  fault  in  the  neighbourhood  of  the 
epicentrum  is  approximately  N.W.  and  S.E.,  and,  if  lines  be  drawn 
through  the  epicentrum  from  north  to  south  and  east  to  west,  they 
will  divide  the  disturbed  area  into  four  quarters,  so  that  places  on 
the  N.W.  and  S.E.  quarters  are  more  nearly  in  a  line  with  the 
Irwell  fault  than  places  in  the  N.E.  and  S.W.  quarters.  Places  in 
the  former  pair  of  quarters  are  preceded  by  the  letter  (a)  in  the 
above  list,  and  places  in  the  latter  pair  by  the  letter  (6).  The  results 
may  thus  be  summarized : — 

a.  h.       Total. 

Single  Yibration    3     ...    4     ...      7 

Double  or  multiple  vibrations      14     ...     7     ...     21 

In  the  majority  of  cases,  then,  double  or  multiple  vibrations  were 
felt  at  places  nearly  in  a  line  with  the  Irwell  fault  at  Bolton ;  and 
a  single  vibration  at  places  whose  directions  relatively  to  the 
epicentrum  are  nearly  at  right  angles  to  this  direction. 

On  the  vertical  component  of  the  motion,  very  few  observationiT 
seem  to  have  been  made.  The  movement  is  described  as  an  up- 
heaval simply,  at  Chorley,  Eccles,  Farnworth,  Nelson,  Oldham, 
and  Wigan ;  but  it  is  not  stated  whether  the  upheaval  was  followed 
or  preceded  by  a  lowering,  or  even  whether  it  was  accompanied 
by  any  such  movement  in  a  contrary  direction  at  all.  These  places 
are  not  confined  to  any  particular  part  of  the  disturbed  area.  On 
the  other  hand,  at  the  following  places,  there  was  first  a  rise, 
followed  by  a  lowering  of  the  ground. 

Bamsbottom :  persons  felt  as  though  they  had  been  bodily  lifted 
up  and  dropped  quickly. 

Hey  wood :  the  sensation  was  that  of  a  sudden  lifting  of  the 
dwelling  and  of  as  sudden  a  sinking. 

Bury  :  persons  in  bed  felt  as  if  their  beds  were  raised  for  a  brief 
time  and  then  allowed  to  fall. 

Prestwich :  a  jerk  up  and  down,  followed  by  a  trembling 
movement. 

These  four  places,  it  is  important  to  notice,  lie  on  the  north-east 
side  of  the  Irwell  fault,  and  at  only  a  few  miles  distance  from  ita 
intersection  with  the  surface. 

Duration. — If,  as  I  believe,  the  earthquake  was  due  to  a  slip  of 
the  Irwell  fault  in  the  neighbourhood  of  Bolton,  and  if  that  slip 
was  confined,  not  to  a  point,  but  to  a  definite  area,  we  should  expect 
the  duration  of  the  shock,  as  well  as  its  nature,  to  vary  throughout 
the  dlBturbed  area.    The  duration  should  o£  qo\ii«q  ^  ^x^«X.^«\.  ^N* 
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plaoes  in  the  line  of  direotion  of  the  fkalt^  and  ahotieei  at  tliat 

place  sitaated  8o  that  a  line  joining  it  to  tlie  oentre  of  the  seiamic 

focus  is  per|)endicular  to  the  fanlt-plane.     On  the  other  hand,  the 

apparent  duration  depends  on  the  distance  of  the  place  of  obser- 

Tation  from  the  focus,  and,  what  is  far  more  important,  it  depends 

on  the  power  of  the  observer  to  detect  the  faint  initial  and  final 

tremors.     On  this  account,  chiefly,  I  think  it  is  not  possible  to 

discover  any  certain  law  in  the  distribution  of  plaoea  aooording  to 

the  duration  of  the  shock  felt  there.      In  this  respect,  more  may 

be  learnt  from  the  duration  of  the  sonnds. 

The  following  are  the  recorded  durationB  of  the  shock : — 

About  15  seconds.  Farnworth. 

.,       6        „  Blackburn,  Bolton. 

„        5       „  Crosby,  Heaton  Chapel,  Melling. 

,,        i        „  Chorle^. 

„        3        „  Prestwieh. 

„        2        „  Bacup,   Cheetham   Hill,    CnunpeaB,    Danren,   Heltham, 

Preston,  Waterhead,  Whalley. 

„        1        „  Leftwich,  Oldham,  Tyldesley. 

Intensity, — In  the  following  lists  are  given  the  names  of  the  places 
where  it  was  possible  to  determine  the  intensity  according  to  the 
Kossi-Forel  scale. 

\J.  Bolton,  Ramsbottom,  Tottington. 

V.  or  VI.  Bury,  Chesham,  Farnworth. 

V.  Besses,  Blackburn,  Chorley,  Darwen,  Golbome,  Heywood, 
Horwich,  Hulton  Park,  Ince,  Rochdale,  Turton,  Whitefield,  Wigan. 

lY.  or  Y.  Blackley,  Oastleton,  Cheetham  Hill,  Crumpsall,  Har- 
purhey,  Littleborougb,  Middleton,  Prestwieh. 

lY.  Acorington,  Altrincbam,  Bolton-by-Bowland,  Bowdon,  Breight- 
niet,  Cheetham,  Eccles,  Facit,  Heaton  Park,  Lees,  Leigh,  Lt*ylanil, 
Little  Hulton,  Manchester,  Milnrow,  Newhey,  Northwich,  Whit- 
worth,  Withington. 

III.  or  lY.  Crosby,  Melling,  Preston,  Whalley. 

III.  Meltbani,  Stockport,  Wardleworth. 

The  observations  are  not  sufficiently  numerous  to  enable  the 
isoseismal  of  intensity  YI.  to  be  drawn.  All  the  places  where  the 
intensity  was  Y.  lie,  however,  within  a  well-defined  curve  which  is 
shown  upon  the  map.  This  curve  is  approximately  circular.  Its 
dimensions  are  22  miles  from  north  to  south,  and  23  miles  from  east 
to  west.  It  includes  an  area  of  about  396  square  miles.  Its  centre 
is  half  a  mile  west  of  the  village  of  Bradshaw  and  two  miles  N.K.E. 
of  Bolton. 

It  will  be  noticed  that,  at  several  places  within  this  cnrve,  the 
intensity  is  given  as  only  lY.  This  may  be  due  to  one  of  two 
causes.  (1)  The  intensity  may  really  have  been  more  than  lY., 
but  the  rattling  of  windows,  eta,  may  have  been  recorded  as  the 
most  noticeable  effect  of  the  shock ;  or  (2)  the  intensity  may  have 
been  different  at  two  neighbouring  places  within  this  isoseismal, 
this  being  only  what  we  should  be  led  to  infer  from  Prof.  Milne's 
Beismio  survey  of  Tokio. 

Outside  this  isoseismaV,  t\ve '^\ms«» '«\v«t»  ^^  \\i\«»sC^^^ 
though  numerous,  are  acattexeid  oN«t  e.  in»s3DL  ^x^atos  ^s»a^  %a^>x>^ 
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not  poRsible  to  draw  with  any  accuracy  the  isoseismal  of  intensity 
lY.  As  some  of  these  places  are  not  very  distant  from  the  line 
which  I  have  indicated  on  the  map  as  the  boundary  of  the  disturbed 
area,  we  may  conclude  that  that  boundary  represents  an  isoseismal 
of  intensity  less  than  lY.,  but  yet  greater  than  III.  This  area,  as 
before  remarked,  is  nearly  circular,  and  it  is  almost  exactly 
concentric  with  the  isoseismal  of  intensity  Y. 

Sound' Phenomena. — Becords  of  sound -phenomena  come  from  49 
out  of  the  156  places  where  the  shock  is  known  to  have  been  felt. 
These  places  are  indicated  as  before  by  small  crosses  (+)  drawn 
through  the  spots  representing  them. 

Referring  to  the  map,  it  will  be  seen  that,  with  four  exceptions, 
all  the  places  where  sounds  are  said  to  have  been  heard  lie  within 
an  area  which  is  approximately  circular.  It  is  of  course  possible 
that,  outside  this  area,  the  sounds  might  have  been  heard  by 
observers  who  were  listening  attentively  or  who  happened  to  be 
more  sensitive  to  such  vibrations.  This  may  have  been  the  case 
in  the  four  exceptions  just  referred  to,  but  it  should  be  noted  that, 
at  each  of  these  places,  we  have  only  one  record  of  somid-phe- 
nomena,  while  at  all  the  other  places  there  are  either  several 
independent  accounts,  or  else  the  description  is  so  clear  as  to  be 
quite  free  from  doubt  The  following  are  the  accounts  from  these 
four  places : — 

Bolton-by-Bowland :  a  rumbling  noise. 

Longridge  :  a  noise  as  of  a  sough  of  wind. 

Green halgh  :  an  underneath  rushing  rumbling  noise. 

Marbury  :  a  dull  rumbling  noise. 

Whilst,  then,  the  characteristic  earthquake-sounds  may  have  been 
heard  outeide  the  curve  marked  (by  a  dotted  line)  upon  the  map, 
I  believe  that  that  curve  includes  all  the  places  where  the  sounds 
were  distinctly  and  certainly  heard. 

Assuming  this  to  be  the  case,  two  facte  are  at  once  evident  from 
an  inspection  of  the  map. 

(1)  The  sounds  were  not  heard  so  far  as  the  vibrations  of  longer 
period  were  felt.  They  were  confined  to  a  nearly  circular  district, 
29  miles  in  diameter,  and  about  636  square  miles  in  area. 

(2)  The  sound-curve  is  not  concentric  with  the  two  isoseismal 
carves  drawn  upon  the  map.  At  its  northern  limit,  it  nearly 
touches  the  isoseismal  of  intensity  Y. ;  but,  at  the  other  end,  it 
passes  about  six  miles  to  the  south-west  of  this  line.  Its  centre  is 
about  3^  miles  S.S.E.  of  the  epioentrnra;  but  this  determination 
oannot  be  regarded  as  so  accurate  as  in  the  case  of  the  Edinburgh 
earthquake,  for  it  is  not  checked  by  a  knowledge  of  places  where 
the  sound  was  certainly  not  heard. 

This  second  conclusion — the  excentricity  of  the  sound-area — is 
also  borne  out  by  the  following  teble.  The  earthquake-sounds  are 
recorded  as  having  been  heard  : — 

Within  the  iBoseismal  of  intensity  V .  at  33  out  of  72  places,  or  in  46  p.c.  of  the  whole. 
Between  this  isoseiBmal  and  the  sound- 

cnire  at        12      „     25  „  48  „ 

Between    the    sound-cnrre    and    the 

boundary  oi  the  disturbed  area  at   4      „     41  „         10  ^^ 
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Miscellaneous  phenomena. — As  it  is  somewhat  unnsnal  for  earth- 
quakes to  be  felt  strongly,  if  at  all,  in  pits  and  excavations,  it  is 
worth  mentioning  that  the  Lancashire  earthquake  was  noticed  in 
mines  in  several  instances.  In  one  of  the  collieries  in  the  Ince 
district,  near  Wigan,  the  shock  was  felt  so  distinctly  by  a  party  of 
men,  that  a  careful  inspection  was  made  by  them  to  see  if  any 
accident  had  happened.  In  the  Pendlebury  Colliery,  *'at  about 
10.30  p.m.  the  colliers  on  No.  9,  East  side.  Bams  Mine,  came  out  of 
their  working  places  to  the  engine-house  and  reported  to  the  fireman 
that  they  had  heard  a  rumbling  noise  in  the  roof  of  the  working 
places."  At  Agecroft  Colliery,  "only  one  man  noticed  anything. 
He  was  in  No.  2  pit,  and  when  he  heard  the  sound  he  went  out  to 
the  pony  road  to  see  if  it  had  been  caused  by  a  fall  of  dirt"  ^ 

Stony  hurst  Observatory  is  about  19  miles  north  of  Bolton,  out- 
side the  isoseismal  of  intensity  V.,  but  still  some  miles  within  the 
boundary  of  the  disturbed  area.  As  it  seemed  possible  that  the 
magnetic  instruments  might  have  been  affected  by  the  earthquake, 
I  wrote  to  the  late  Father  Perry  on  the  subject.  The  letter  arrived 
during  his  last  absence  from  England;  and,  after  his  death,  Mr. 
W.  C.  Cameron  was  good  enough  to  inform  me  that  no  trace  of  the 
earthquake  was  shown  by  the  magnetic  curve  of  February  10.  This 
result  is  curious,  considering  that,  shortly  after  several  recent  earth- 
quakes, magnetic  instruments  in  distant  observatories,  far  beyond  the 
range  of  the  sensible  shock,  have  been  perceptibly  affected.  The 
cause  of  these  disturbances  is  not  certainly  known,  but  is  probably 
due  to  the  mechanical  action  of  the  shock,  the  masses  of  the  two  arms 
of  the  instrument  being  made  unequal,  in  order  that  it  may  rest 
horizontally.'  If  this  be  the  case,  the  absence  of  any  noticeable 
disturbance  at  Stonyhurst  may  have  been  due  to  the  fact  that  the 
line  joining  it  to  the  epicentrum  of  the  earthquake  is  so  nearly  in 
the  direction  of  the  magnetic  meridian. 

Position  of  the  Seismic  Focus  and  Geological  Belations. — The 
faults  of  the  Bolton  district  are,  with  a  few  small  exceptions, 
arranged  in  two  systems,  one  running  N.N.W.  and  S.S.E.,  and  the 
other  nearly  E.  and  W.  Prominent  among  the  former  series  is 
the  great  Irwell  Valley  fault.  This  important  dislocation,  which  is 
shown  upon  the  map  of  the  earthquake,  has  been  traced  for  a 
distance  of  more  than  twenty  miles,  from  near  Poynton  in  Cheshire 
to  about  three  miles  north-west  of  Bolton.  Throughout  its  whole 
course  the  downthrow  is  towards  the  north-east  The  amount  of  its 
throw  is  considerable,  being  1050  yards  at  Farnworth,  about  three 
miles  south-east  of  Bolton.^ 

Now,  as  we  have  seen,  both  isoseismal  lines  are  approximately 
circular  and  almost  exactly  concentric.  The  centre  of  the  smaller 
curve  (intensity  V.),  which  is  the  more  accurately  drawn,  is  about 
two  miles  N.N.E.  of  Bolton,  or  half  a  mile  west  of  Bradshaw ;  and 

*  The  last  two  accountB  are  quoted  from  a  note  read  by  Mr.  J.  Knowles  before  the 


H&nchester  Geological  Society  on  March  12,  1889. 
»  Gbol.  Uao.  Dec.  III.  Vol.  II. 


pp.  210-211. 
*  £.  Hull,  Geology  of  the  Country  round  Bolton,  Lancashire  (Geol.  Surr.  Mem.^ 
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p,  however,  other  evi< 
has  been  ahowii  that,  sa  a  gen 
Uie  cmntitiDBtiOD  of  the  Irwell 
'Vibrations  wu  greater  than  els 
were  aIho  more  lasting ;  and  th^ 
seiatnio  fooQB  were  a  plane  whose 
maximam  intensity  was  reoorde 
east  of  the  epioentrum,  and  this,  i 
point  where  tha  perpendicalar  to 
of  the  seismic  focus  meets  the  surfi 
being  the  same,  it  is  evident  thai 
in  the  neighbourhood  of  this  point. 
The  inclination  of  the  Irwell  fs 
Tertiool,    aocording  to   the   horizo 
Geological  Survey,  which  is  draw 
olination  be  approximately  constan 
surface,  it  follows  that  the  oentre  ( 
depth  of  about  3|  miles. 

Again,  as  in  the  case  of  the  Edin' 
at  four  places  (Bury,  Heywood,  1 
the  downthrow  side  of  the  fault,  w 
wards.  There  are  no  records  ol 
npthrow  ude  of  the  fault ;  but  thi 
dioates  that  the  earthquake  was  p 
■lightly  iacreased  the  throw  of  the 
Lastly,  that  the  distance  in  a  hoi 
■lip  extended  was  v-—- 
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not  quite  up  to,  the  surface,  the  amount  of  the  slip  near  the  surface 
being  of  course  extremely  small. 

Origin  of  the  Sound-phenomena, — The  observations  on  the  sounds 
that  accompanied  the  Edinburgh  and  Lancashire  earthquakes  lead 
to  an  important  result,  throwing  light  on  the  origin  of  these  vibra- 
tions and  the  part  of  the  focus  from  which  they  proceed.  I  will 
now  point  out  briefly  what  I  believe  to  be  the  origin  of  these  sounds, 
reserving  a  more  complete  discussion  of  the  question  for  a  subsequent 
paper  in  which  other  facts  bearing  on  the  problem  may  be  con- 
veniently brought  together. 

In  both  earthquakes,  the  shock  and  sound,  we  have  reason  to 
believe,  were  caused  by  slipping  along  well-known  faults,  the  foci 
of  the  sounds  being  nearer  the  surface  than  the  foci  of  the  corre- 
sponding shocks.  In  both,  also,  the  area  over  which  the  slip  took 
place  must  have  been  very  limited  in  extent :  and,  while  the  amount 
of  the  slip  may  have  been  greatest  near  the  centre  of  this  area,  it 
must  certainly  have  died  away  towards  its  upper  and  lateral  margins. 

Now,  the  seismographio  records  recently  obtained  by  Prof.  Milne 
and  others  in  Japan  show  that  earthquakes  usually  begin  with  a 
series  of  tremors  very  small  in  amplitude  and  very  rapid  in  period, 
from  six  to  eight  occurring  every  second,  but  becoming  slower 
before  the  shock  takes  place.  These  may  last  for  many  seconds  or 
even  several  minutes.  Following,  and  continuous  with,  them  come 
the  sensible  vibrations,  of  larger  amplitude  and  longer  period,  about 
three  to  five  occurring  in  every  second.  One  or  more  of  these, 
attaining  a  still  greater  amplitude  and  longer  period,  of  one  or  two 
seconds  each,  constitute  what  are  generally  known  as  the  principal 
shock  or  shocks.  The  earthquake  closes  with  vibrations  of  smaller 
amplitude,  but  which  have  a  period  so  long  that  no  record  of  them 
can  be  obtained.  The  earliest  tremors,  on  the  other  hand,  are  not 
registered  on  account  of  the  smallness  of  their  amplitude,  and,  in 
all  probability,  as  Prof.  Milne  suggests,  the  ''minute  movements 
which  have  been  recorded  are  the  continuation  of  still  smaller  and 
more  rapid  movements  which  ....  have  never  yet  been  rendered 
visible."  It  is  to  these  supposed  rapid  vibrations  which  form  the 
front  portion  of  an  advancing  earthquake,  that  Prof.  Milne  attributes 
the  origin  of  the  earthquake-sounds.^  We  may  conclude  from  these 
observations  that,  initially  at  any  rate,  the  period  of  the  vibrations 
increases  and  decreases  with  their  amplitude. 

Now,  from  different  parts  of  the  area  over  which  a  fault- slip  takes 
place,  there  must  proceed  vibrations  differing  greatly  in  amplitude, 
and  therefore  also  in  period.  From  the  central  portions  of  the 
slip-area  will  come,  as  a  rule,  the  vibrations  of  largest  amplitude 
and  longest  period;  while,  from  the  margins  there  will  proceed 
minute  vibrations  of  a  period  so  short  that  they  may  be  perceptible 
only  as  sound.  The  position  of  the  line  separating  the  marginal  and 
central  parts  of  the  slip-area  will  depend  only  on  the  amplitude  of 
the  vibrations  corresponding  to  the  period  of  the  lowest  sound  that 

^  Ph»f.  J.  Milne,  Jap«n  Seismol.  Soc.  Trans.  toI.  zii.  (1888),  pp.  63-62  and  107-8. 
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can  be  beard ;  it  will  not  at  all  depend  on  the  amount  of  tbe  aiUp  at 
tbe  centre  of  tbe  area,  i.e.  it  will  be  independent  of  tbe  inten$itjf  of 
tbe  shock. 

I  sball  endeaTOor  to  sbow,  in  a  later  paper,  tbat  tbia  tbeoiy  of 
tbe  origin  of  earthqnake-aoondB  aooonnta  satisfactorily  for  all  ^eir 
pbenoroena,  so  far  as  tbey  are  known  to  ns.  For  tbe  present,  it  will 
be  saflBcient  to  point  out  tbat  it  explains  (1)  tbe  fact  tbat  tbe  sonnd- 
area  is  not  concentric  witb  tbe  disturbed  area,  and  tbe  sonnd-focos 
is  nearer  the  snrfaoe  than  tbe  rest  of  tbe  seismic  focns ;  and  (2)  the 
fact  that,  in  great  earthqoakes,  tbe  sounds  are  only  beard  witbin  a 
comparatively  small  area  immediately  snrroanding  the  epioentnun. 

AnihoritieB. — " Aoorington  GUzette,^  Feb.  16;  " Accrington  limes,'* 
Feb.  16 ;  '<  Altrincbam  Division  Advertiser/'  Feb.  15 ;  "  Blackpool 
Times,"  Feb.  13  ;  "Bolton  Chronicle," Feb.  16;  ''Bradford  Observer 
Budget,"  Feb.  16;  "Burnley  Express,"  Feb.  16;  "Bury  Qnardian," 
Feb.  16;  "  Chorley  Standard,"  Feb.  16;  "Craven  Herald"  (Skipton), 
Feb.  16;  "Darwen  Post,"  Feb.  16;  "Halifax  Courier,"  Feb.  16; 
"  Hey  wood  Advertiser,"  Feb.  15  ;  "  Huddersfield  Chronicle," 
Feb.  16;  "Lancaster  Guardian,"  Feb.  16;  "Leeds  Mercury," 
Feb.  12;  "Leigh  Chronicle,"  Feb.  16;  "Liverpool  Mercury," 
Feb.  12;  "Macclesfield  Chronicle,"  Feb.  15;  "Macclesfield  Courier," 
Feb.  16  ;  "  Manchester  Examiner,"  Feb.  12  ;  "  Manchester  Guar- 
dian," Feb.  12,  13;  "MidJleton  Guardian,"  Feb.  16;  "Nortbwich 
and  Knutsford  Chronicle,"  Feb.  16;  "Oldham  Stendard,"  Feb.  16  ; 
"Preston  Guardian,"  Feb.  16;  "Rochdale  Observer,"  Feb.  13,  16; 
"  Wigan  Observer,"  Feb.  13. 

Nature,  vol.  39,  p.  376  ;  T.  B.  H.  Clunn,  The  earthquake  in  Lan- 
cashire, Nature,  vol.  39,  p.  390 ;  J.  Enowles,  The  earthquake  shock 
of  February  10th,  1889,  Manchester  GeoL  Soc.  Trans.,  voL  xx. 
pp.  156-157. 

For  other  information  1  am  indebted  to  the  kindness  of  the  fol- 
lowing gentlemen:  the  Secretaries  of  the  Geological  Societies  of 
Liverpool  and  Manchester,  Mr.  W.  C.  Carlisle  (Stonyburst  Obser- 
vatory), Mr.  B.  Hains worth  (Rossall),  Mr.  G.  Hartnup  (Liverpool 
Observatory,  Bidstow)  Prof.  £.  Hull,  F.B.S.,  and  Mr.  Isaac  Eoberts, 
F.II.S.  (MaghuU). 

{To  be  continued,). 
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On  thb  Young  of  Baculitbs  comprkssus,  Say.    By  Amos  P.  Brown. 

(Proa  Acad.  Nat.  Sci.  Philadelphia.) 

AT  the  meeting  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia on  March  10th,  Mr.  Amos  P.  Brown  described  the 
young  of  Bactdites  compressus,  Say,  recently  discovered  by  him  in 
some  Cretaceous  marl  from  the  vicinity  of  Dead  wood,  South  Dakota, 
^^sociated  with  them  in  the  same  material  were  several  species  of 
Baculites,  Scaphites,  and  Inoceramrw.    ^YVv^  ^w«v^  BacMl\(e«  varied 
in  length  from  1  to  3  cm.,  vrlWi  a  d\wxi^V«  ol  ^  V  \o  ^  \s«ii* 
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The  shell  originates  in  a  spiral  consisting  of  from  two  to  two  and 
one-half  slightly  overlapping  whorls,  and  ranging  in  diameter  from 
0*8  to  1  mm. ;  thence  it  extends  in  a  straight  line,  tangent  to  the 
spiral,  or  sometimes  slightly  reflexed.  The  straight  portion  of  the 
shell  rapidly  increases  in  diameter  from  0*38  to  0*40  mm.  at  the 
spiral,  to  about  1*5  to  2  mm.  at  2  cm.  length.  Some  of  the 
specimens  were  entire,  and  showed  that  the  body-chamber  occupied 
about  one-half  the  length  of  the  shell.  The  siphuncle  is  eccentric, 
and  was  found  to  lie  near  the  outer  margin  of  the  spiral. 

The  species  was  determined  from  an  examination  of  the  suture- 
line  which  was  traced  from  the  simple  form  of  the  very  young  shell, 
through  forms  of  gradually  increasing  complexity,  up  to  the  typical 
suture  of  the  adult  of  Baetdites  campreaaua,  Say. 

That  this  spiral  portion  should  have  hitherto  escaped  observation 
can  be  easily  accounted  for  by  its  small  size  and  fragile  character. 
In  all  probability  it  was  broken  off  long  before  the  shell  had  attained 
adult  size,  and  is  therefore  to  be  met  with  only  in  shells  which  were 
preserved  in  their  immature  condition. 

The  description  is  given  in  the  Proceedings  of  the  Academy,  1891, 
part  i.  pp.  159-160,  and  is  accompanied  by  figures  of  the  young 
Baeidites,  and  of  a  series  of  their  suture-lines  showing  the  gradual 
development  from  a  comparatively  simple  form  to  the  typical  suture 
of  the  adult  of  Baculites  compressus^  Say. 


I^  DS3  ^V'  I  E  "W"  S. 
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L — Professor  Osborn  on  the  Molars  of  the  Perissodaotyla. 

MANY  of  our  readers  are  probably  acquainted  more  or  less  fully 
with  Professor  H.  F.  Osborn's  elaborate  and  interesting 
researches  into  the  nature  of  the  primitive  plan  on  which  the 
molar  teeth  of  mammals  are  constructed,  summaries  of  which  have 
appeared  from  time  to  time  in  several  English  scientific  journals. 
The  result  of  these  researches  was  to  show  that  this  primitive  type 
of  tooth  was  of  the  so-called  *  tritubercular '  form.  It  may  not  be 
out  of  place  to  remind  our  readers  that  such  a  tritubercular  tooth  in 
the  upper  jaw  is  composed  of  an  inner  tubercle,  or  protocone,  and 
of  two  outer  tubercles  respectively  designated  paracone  and  metacone. 
By  the  addition  of  a  second  inner  tubercle — the  hypocane — and  of 
two  intermediate  ones,  known  as  the  proiocomde  and  metacontde, 
BQch  a  tritubercular  molar  becomes  converted  into  the  sextubercular 
one  occurring  in  many  Ungulates. 

Professor  Osborn  has  recently  been  engaged  in  investigating  how 
the  more  complex  molars  of  the  specialized  Perissodactyles  have 
been  evolved  from  this  sextubercular  type ;  the  results  of  this 
investigation  being  published  in  a  memoir  issued  under  the  auspices 
of  the  Museum  of  Harvard  College.*  Since  these  results  are  of  con- 
siderable morphological  importance,  and  are  especially  interesting 
to  palaeontologists,  a  short  resum6  of  them  may  be  acceptable  to  our 

^  Ball.  MuB.  Comp.  Zool.  Harrard  Coll.  vol.  zx.  pp.  87,  it  teq,  (1890). 
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readers.  For  thia  piirpoaa  Prof.  Oabon  hu  been  good  enoagh  to 
plaoe  at  oar  diapmal  eliehit  of  some  of  the  figarea  illaatrstiiig  hii 
memoir ;  whioh  figuna,  with  aome  of  our  own,  we  reproduce. 

It  may  bo  well  to  premiae  oar  obaervktioiu  by  atatiDg  that  the 
upper  molara  of  the  Periaaodootjlea  ire  oomtraoted  on  what  u 
known  h  the  lopltodont  type ;  thia  modifioatioa  ocmaisting  of  an 
outer  wall,  connected  with  two  more  or  leas  nearly  complete  tnna- 
Teree  crests  inclining  baclcwarda.  The  aimpleet  modification  of  tfaii 
type  of  molar  ia  to  be  found  in  the  little  HjfraeotluriMm  of  the 


London  Clay ;  but  those  of  the  generalized  Horse-like  animal  known 
as  Anchitheriuta  (including  Metohippiu)  are  but  little  more  advanced. 
Of  this  genus  we  reproduce  two  of  Prof.  OBbom'a  figures ;  one 
(Fig.  1)  showing  the  whole  series  of  cheek-teeth,  and  the  otbet 
(Fig.  2)  a  single  molar.  One  species  (Fig.  1)  is  a  smaller  and  simpler 
form,  in  which  the  tubercle  marked  pp  is  lees  developed  than  in 
tlie  larger  species  (Fig.  2).  In  these  teeth  there  is  no  difficnlty  in 
recognizing  the  six  elements  of  the  sex- 
tubercular  tooth,  all  of  which  are  indicated 
by  letters  in  Fig.  2,  with  the  exception  of 
the  metacoQule,  which  ia  the  unlettered 
ridge  occupying  the  middle  of  the  tooth, 
immediately  below  the  m.  The  foar 
remaining  elements,  lettered  a.  m.  p.  and 
pp.,  have  been  developed  from  the  basal 
cingulnm  surrounding  the  molar  of  J?yra- 
cot^n'uin ;  and,  accordingly,  have  nothing 
whatever  to  do  with  the  primiti-ve  foldings 
of  the  crown.  This  origin  is  very  im- 
portant with  regard  to  the  tubercle  marked 
pp.  Thus  in  Fig.  2  this  ia  so  strongly 
marked  as  to  suggest  an  origin  like  the 
other  main  tubercles;  but  its  commence- 
ment as  a  alight  awetling  of  the  cingnlum 
is  clearly  shown  in  Fig.  1.  To  the 
elementa  respectively  marked  a.  «.  and 
pp..  Professor  Otiborn  applies  the  terms 
,  .  ...       anterior  pillar,  median  piUar,  KaA  nontrrior 

riilg«  :    p.  potterior  ridg«  ;     "Otn  the  writer  of  this  notice,  by  whom  it 
'    —  is  said  to  have  been  proposed  for  the  teeth 


l^ 


Fia.  !.  —  Grindiag  aad 
onMr  Bipecta  of  a  lelt  upper 
molar  of  AHehithtnuM  Iwgi- 
rrale.     pr.    protoconB  ;   pa. 

t 
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of  tbo  Horseo.    To  this  Btatemeat  we  muBt  take  the  present  oppor- 
timit;  of  objeoting.    The  term  potterior  piUar  (althongh  it  baa  beeo 


Ay.  ml.  pr,  pL 
Fia.  3. — Thiee  right  nppei  cheek-teeth  of  Bipporiatt.    m/.  metaconnle ; 
letters  si  in  Fig.  2. 

anbeeqaently  employed  by  the  writer)  was  first  propoeed  by  Prof. 
Eusley  ("Anatomy  of  YertabrateB,"  p.  854,  1871),  and  was  applied 
to  the  tubercle  in  the  molars  of  the  Horses  marked  Ay.  in  Figs.  3  and  1 
(these  figures  are  unfortunately  from  the  opposite  side  of  the  jaw  to 
those  figured  by  Prof.  Oebom).  This  tubercle  corresponds  with  the 
one  similarly  lettered  in  Fig.  2  (the  hypooone) ; 
and  has,  therefore,  nothing  whatever  to  do 
with  the  one  marked  pp.  Uuder  these  ciroum- 
Btances  we  propose  to  substitute  the  term, 
potterior  jiTominence  for  the  tubercle  pp.  Again, 
the  term  anterior  pillar  was  proposed  by  Pro£ 
Huxley,  and  adopted  by  the  writer  for  the 
tubercle  marked  pr.  (the  protoooue)  iu  Figs. 
2,  3 ;  and  it  is,  therefore,  quite  inadmissible 
I19.        pr.  to  apply   it  to   a.  in    Fi{^  2.      Under  these 

Pio.  i.- 
Bolar  of  E^i 


cironmstances 


would    suggest    that    the 


ut^timmU;  vertical  ridges  marked  a.  m.  and  p.  in  Fig.  2 
■nen  u  in  Fig.  3.  '  (which  become  still  more  promiuent  in  the 
teeth  of  the  HoTSes),  should  respectively  be 
designated  the  anterior  ridge,  middle  ridge,  and  potterior  ridge. 

The  figures  sufficiently  indicate  how  the  equine  molar  has  been 
evolved  from  that  of  Anchitherium  by  the  development  of  one  pro- 
jection from  the  protoconule  to  join  the  metacooule,  and  of  another 
from  the  latter  connecting  it  with  the  posterior  prominence,  and 
thus  with  the  metaoone ;  the  lengthening  of  the  orown  aad  the 
filling  of  the  valleys  with  cement  being  a  conoomitant  prooess. 
The  result  of  this  evolution  has  been  to  form  oomplete  oresoenta 
in  the  equine  molar,  of  which  the  binder  one  is  always  connected 
with  the  hypocone  (hy.) ;  while  the  anterior  one  may  either  be 
oonneoted  with  the  protocone  (pr.),  as  in  Equus,  or  completely 
isolated,  as  tn  Eipparion.  This  has  also  entailed  the  division  of 
the  median  and  posterior  valleys  of  the  Anckiiherium  molar  into  an 
iouer  and  an  outer  moiety. 

The  remaining  type  of  Perissodactyle  molar  we  have  to  notice 
is  that  of  the  Bbinooeroses  (Fig.  5).    Here  Prof.  Osborn  has  intra- 


BeviewB — Oeological  Survey  of  Illinais.  321 

ledian  ridge  (Fig.  2,  m.)  of  the  equine  tootb,  yet  we  think  that 
bis  18  foreshadowed  in  the  former  by  the  flexure  whioh  often 
oonrs  in  the  eotoloph  between  the  para-  and  meta-cones. 

In  referring  to  the  aeoondary  enamel-folds  which  grow  from  the 
bree  oompoand  elements  of  the  Rhinooeros  molar  into  the  median 
'alley  (the  large  fissure  penetrating  Fig.  5  from  the  inner  side),  it 
B  to  be  regretted  that  Prof.  Osborn  has  again  displayed  some  oare- 
Bssness  in  quoting  previous  work.  Thus  he  states,  ''These  secondary 
lements  consist,  first,  of  three  folds  projecting  into  the  median 
'alley,  one  from  the  ectoloph,  the  crista ;  one  from  the  protoloph, 
ho  crochet;  one  from  'the  metaloph,  the  anticrochet ;^^  his  figures 
»6ing  lettered  accordingly.  Now  the  fact  really  is  that  it  is  the 
roUhet  (as  we  prefer  to  spell  the  word)  which  projects  from  the 
metaloph,  as  shown  in  Fig.  5,  while  the  anticrotchet,  when  present, 
s  carried  by  the  protoloph.  The  crotchet  corres}X)nds,  in  fact,  pre- 
nsely  in  position  with  the  projection  arising  from  the  protoconule 
»f  the  protoloph  of  the  equine  molar  (Figs.  3, 4) ;  and  when  reaching 
tcross  to  the  metaloph  divides  the  median  valley  into  an  inner  and 
>ater  moiety  precisely  after  the  equine  manner ;  the  only  difference 
l)eing  that  while  in  the  Bhinoceros  the  two  divisions  of  the  valley 
remain  open,  in  the  Horse  they  are  completely  filled  with  cement. 
(In  Fig.  3  the  cement  filling  the  '  island '  formed  by  the  outer  part 
of  the  median  valley  is  drawn  white,  while  that  in  the  outer  part 
of  the  same — between  pr,  and  nd. — is  made  dark  and  crossed  by 
vertical  lineK ;  this  difference  is  owing  to  the  staining  of  the  fossil, 
bat  in  a  recent  Horse's  both  would  be  pale  buff.) 

In  conclusion,  it  may  be  observed  that,  while  it  may  be  convenient 
in  monographs  to  retain  for  the  description  of  the  molars  of  the 
various  families  of  the  Perissodaotyla  the  terms  commonly  in  use, 
yet  the  importance  and  interest  of  being  able  to  trace  the  precise 
morphological  equivalents  of  the  elements  of  all  these  teeth,  not 
only  to  one  another,  but  also  to  the  primitive  type  of  mammalian 
tooth-structure,  can  scarcely  be  overrated.  To  a  certain  degree  as 
regards  the  former  part  of  this  task,  and  altogether  as  regards  the 
latter  part,  zoologists  and  palaeontologists  are  indebted  to  the  labours 

of  Prof.  Osborn.  B.  Lydekkbb. 

IL— Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director. 
Volume  VIII.  Geology  and  Palaeontology.  Edited  by  Josua 
LiNDAHL,  Ph.D.,  State  Geologist  Geology,  by  A.  H.  Worthen. 
Falaontology,  by  A.  H.  Worthen,  Charles  Wachsmuth,  Frank 
Springer,  E.  O.  Ulrich  and  Oliver  Everitt.  With  an  Ap- 
pendix {Biography,  Bibliography  and  General  Index  to  Volumes 
I.-VIII.).  Text.  Published  by  authority  of  the  Legislature  of 
Illinois,  July,  1890.  8vo.  pp.  xiii.  758  and  151,  1  Portrait, 
1  Map.  Plates  I.— LXXVIII.  and  Explanations,  bound  in  a 
separate  volume. 

WITH  this   massive  volume   and   the  Plates  accompanying  it, 
the  series  of  Reports  on  the  Geology  and  Palaeontology  of 
lUiixns,  which  have  appeared  at  various  intervals  since  1866,  i» 
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.     TWm  Beporta.  nonnd  onl;  in  importsnoe  to  IhoK 
of  S«r  Totk.  ban  -nwj  ntetitUy  oonirihaied  to  ibe 

!  5ute  GeoksHt,  by  wbom  tbej  have  all,  with  the 
tbe  ckiem^  rolmiM.  been  edited.     To  a  great  extent 

lOTcd  him  from  his  Uhoim.  whilst  the  work  was  going 
proN.     The  final  editing  was  completed  by  Dr.  J. 
.«iKneaor  of  Prof.  Wonhm  oo  th«  Stite  Sarvey.  and  it 

:tor  thontd  haTn  been  incIiMk<l  in  the  contents  of  the 
Dr.  UndJJ  hM  farther  oootriboted  a  General  InJex 
ieriec,  which  will  prore  of  ouosiderable  assistance  to 
:>gieU  asd  otbera  wlit  may  require  lo  refer  to  it. 
11  TolBine   commencM  with   a  chapter  on   the   Drift 
llinms  by  Prof.  Worthen.     From  this  it  appears  that 

went  drainage  level  of  the  streams  and  rivers.    Tbe 
Is  are  thickest  in  tbe  central  portions  of  Illinois,  the; 
he  GOQth  of  tbe  State,  and.  with  the  exception  of  tha 
ill  disappear  before  reaching  the  Ohio  River.     The 
consist  of  stratified   sands  and  clajs  filling  tip  pre- 
S  over  these  a  layer,   2  to  13  feel  thick,  of  peaty  suil 
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r  rootlets  or  cirrhi  in  all  directions,  from  which  the  authors 
tnclnde  that  these  and  other  PalaBOcrinoids  prohably  lived  a  semi- 
ee  ezistenoe,  like  recent  forms  of  Pentacrinus,  either  anchored  by 
le  cirrhi  to  the  soft  oozy  sea-bottom,  or  at  intervals  attached  to 
•reign  bodies.  The  new  species  belong  to  the  following  genera : 
elinocrinus,  Megistocrinus,  DorycrinuSf  RhodocrinuSf  Platycrinus, 
^ehocrinus,  Crraphiocrinus,  Scaphiocrinua,  and  Tcucocrinus,  A  speci- 
en  of  a  new  Blastoid,  Orophocrinus  JusiformiSy  retains  a  portion  of 
le  stem  and  also  the  pinnules. 

In  sections  iii.  iv.  and  v.  Mr.  E.  0.  Ulrich  (in  part  nominally 
wociated  with  Mr.  0.  Everett)  treats  of  American  Palaaozoic  Sponges, 
he  author's  study  of  this  group  of  fossils  is  evidently  limited  and 
nperfect,  shown  more  particularly  when  he  ventures  to  express 
minions  of  his  own  as  distinct  from  those  procured  from  the 
ritings  of  and  correspondence  with  experienced  authorities,  llius, 
»r  example,  he  believes  that  there  are  homological  affinities  between 
)me  of  the  new  Silurian  lithistid  sponges  described  and  the 
tromatoporoid  genus  ActinoBtroma  I  It  is  generally  acknowledged 
mt  the  correct  determination  of  fossil  sponges  is  beset  with  special 
ifficulties  owing  to  mineral  changes  which  they  have  undergone, 
ad  those  which  Mr.  Ulrich  has  attempted  to  describe  are  no 
cceptions  to  the  rule.  This  fact  will,  perhaps,  account  for  the 
ctraordinary  type  of  spicule  which  is  figured  as  characteristic  of 

proposed  new  family,  the  Aspidellidae  (p.  224,  ^g,  6),  in  which 
mr  smooth  simple  rays  are  thrown  off  in  pairs  from  the  ends  of 
'bat  is  styled  a  profoundly  elongated  node  or  horizontal  central  bar ! 

Of  Devonian  and  Carboniferous  forms,  the  author  describes  four 
ew  genera :  Hystriospongiaj  a  tetractinellid ;  Batospongia,  either  a 
thistid  or  a  calcisponge ;  Belemnospongiaj  a  monactinellid,  but  which, 
'  correctly  delineated  as  having  acerate  spicules  connected  by  short 
ansverse  processes,  must  be  quite  distinct  from  this  sub-order,  and 
gringelasma,  a  lithistid.  At  the  lower  horizon  of  the  Trenton 
mestone,  at  a  single  locality  in  Illinois,  a  considerable  number  of 
>68il  sponges  have  been  obtained,  which  retain  their  outer  forms 
nd  canal  structure,  but  their  original  siliceous  skeletons  have  been 
^placed  by  calcite.  These  sponges  have  been  arranged  in  several 
ew  genera,  and  placed  as  a  distinct  lithistid  family  of  the  Aspidellidas 
Q  the  ground  that  the  form  of  their  spicules  differs  from  that  of 
Qy  previously  described  sponge.  From  an  examination  of  some 
r  these  forms,  we  believe  their  spicular  structure  is  closely  similar 
>  that  of  Astylospongia  and  that  they  can  be  included  in  the 
.Domocladina  family.  The  two  principal  genera  are  Zittelella  and 
inthaspidellaf  which  apparently  differ  only  in  the  fact  that  the 
)rraer  is  simple  and  the  latter  compound.  The  former  genus, 
moreover,  seems  to  be  synonymous  with  the  previously  described 
teUella,^  Hinde,  which  has  been  overlooked  by  the  author.  Another 
ew  genus,  Edriospongia,  seems  to  be  based  on  a  portion  of  a 
pecimen  of  Aspidella.  Strotoapongia  and  Dystactospongia  are 
idnded  with  Calcisponges ;  but  the  former  of  these  is  almost 
^  Canadian  Record  of  Science,  Jnly,  1859,  p.  395 » 
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a  elTucture  is  stated  to  resemble  that  ol'  the  ABpidellid 

treats  of  Piilieozoic  Bryozoa,  by  E.  0.  Ulrich,  and 
tbe  most  im[>ortaLit  subject  in  the  vulume,  occupying 
'  text   and   49   quarto   plates.     On   this   group  we  can 
lize  Ibat  the  author  is  on   safer  ground  thau   wben 
issil  sponges,  for  he  Las  thoroughly  iuvealigated  tbe 
itructure    of    nearly    all    the    American    species,    and 
■ly  4000  tbin  sectioDB  for  this  end.     His  descriptions 
imish  an  immense  addition  to  our  knowledge  of  the 
iiral   details   of   (he  various   fornis,  and    they  afford 
rig  instance   of  the   advantage  to   be  gained   by  the 
croBcopio  study  of  all  the  forms  in  a  single  group  of 
I  chapter  ia  devoted  to  the  general  and  comparative 
Pftlfeozoic    Bryozoa,    and    tbe   viewa    stated   will    ho 

tliat   the   acauLliopores   were   all   originally    hollov, 
acknowledged  that  their   summits  genemlly  appear 
irface.     Allied  to  the  acantliopnres  are  the  so-c«iied 
a.  and  tbe  hollow  structure  of  these  is  equally  doubtful. 
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eeratida,  Endoceratida,  Actinoceratida,  Qomphoceratida,  A$coceratida, 
Poterioeeratida,  and  Cyrtocerntida.  The  present  volume  contains 
the  remainder  of  the  NatUihidea,  consisting  of  the  families  Litaiitda^ 
Troehoeeratidaf  and  Nautilida,  The  family  Bactritida  was  inserted 
hy  the  author  in  the  Table  of  the  Naatiloidea  which  he  gave  in  his 
Introduction  to  Part  I.,  but  in  the  Introduction  to  Part  II.  he  states, 
"On  reconsidering  the  question  of  the  affinities  of  Bactrites  (the 
sole  representative  of  the  family  Bactritida),  in  the  light  of  the 
investigations  of  Branco  and  Hyatt,  I  am  now  prepared  to  accept 
the  systematic  position  assigned  to  it  by  those  authors — that  is,  at 
the  oommencement  of  the  Ammonoidea.  Bactriles  will  therefore  be 
dealt  with  in  Part  III.  instead  of  in  this  volume." 

From  a  Table  appended  to  the  Introduction  giving  the  "  Distri- 
bution of  Genera  and  Subgenera  of  Nautiloidea  described  in  Parts 
I.  and  IL  of  the  present  Catalogue,  with  the  number  of  species 
assigned  to  each,"  it  is  seen  that  there  are  in  the  Museum  573 
species  included  in  the  Nautiloidea,  459  of  which  are  Palasozoic, 
93  Mesozoic,  and  21  Cainozoic.  The  Paleeozoic  species  are  dis- 
tributed in  29  genera  and  6  subgenera,  the  Mesozoio  in  4  genera 
and  2  subgenera,  and  the  Cainozoic  in  2  genera  and  1  subgenus. 

The  author  commences  the  present  volume  with  the  LituitidsB, 
which  family  includes  the  genera  lAtuites,  Ophidioceraa,  and  Anris- 
troeeras ;  the  last-named  genus  does  not  appear  to  be  represented 
in  the  National  Collection.  The  first  is  represented  by  the  well- 
known  L.  lituus  from  the  Orthoceras  limestone  of  Sweden,  and 
possibly  by  one  British  species.  To  the  genus  LituiteSj  J.  de  Carle 
oowerby  referred  several  British  species  which  he  described  in 
Murchison's  'Silurian  System.*  Prof.  Blake,  in  his  Mono^i^raph  of 
the  British  Fossil  Cephalopoda,  Part  I.,  retained  in  this  genus  only 
one  of  these  species,  viz.  ibex,  and  associated  with  it  in  the  same 
genus,  though  with  a  query,  some  specimens  which  he  identified 
with  Trochoceras  arietinum  of  Barrande.  Mr.  Foord  replaces  this 
latter  species  in  Trochoceras,  and  refers  the  ibex  of  J.  de  C.  Sowerby 
to  Lituites  with  a  query,  remarking  that  ^*  the  presence  of  Lituites  in 
the  British  rocks  must,  for  the  present,  be  considered  as  very  far 
from  satisfactorily  determined." 

Ophidioceras,  which  is  known  only  in  the  Silurian  of  England 
and  Bohemia,  was  regarded  by  its  founder  Barrande  as  a  subgenus 
of  Lituites,  but  Prof.  Blake  regards  it  as  a  distinct  genus  only 
"  remotely  related "  to  Lituites,  while  Hyatt  places  it  near  to 
Ascoceras.  Mr.  Foord  considers  it  to  be  a  distiuot  genus  '*  whose 
alliance  seems  to  be  clearly  with  Lituites.'* 

In  Trochoceras,  the  genus  representing  the  TrochoceratidcB,  and 
ranging  from  the  Cambrian  to  the  Devonian,  the  author  describes 
two  new  Silurian  species,  each  founded  upon  a  single  specimen. 
The  one.  Trochoceras  boreale,  collected  by  Captain  Inglefield  in  the 
Silurian  rocks  at  Wellington  Channel,  Arctic  America,  is  a  smooth 
species,  and  is  stated  to  be  ^*  much  larger  than  any  of  those  of  the 
Niagara  rocks  of  North  America  that  come  at  all  near  to  it."  The 
other,  from  the  Woulhope  Limestone,  at  Hay-Head,  East  of  Walsall^ 
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1  a  ilisliBctly  ribbed  ifKciea  moat  nearly  allied  to 
mtdmm,  Bairande. 

(he  Fala*onto!ogy  of  New  York,  Hall  deecribed  and 
lie  name  Idtinlrt  andala*  spedineiis  which,  aooordtni; 
eloDg  to  two  distinct  f^nera.     Prof,  Hyatt  referred 
rans  TroekoliUt.  but  Mr.  Foord  coneidera  that  some 

[/■'. 

enera  and  subgenera  being  treated  of: — 

TrtfMiln.  Coarai 
Oyofrv.  it  K"niDck. 

SuhetliiH  A-potrrtt,  HTttt. 

Sobp^n.  Tr.fMMtT»,  M'Coy. 
Streoa'tl.  Bainilde. 
Barrti,Jr*i*Ti,$.  Hnlt. 

i>Mt.'M.   M'COT. 

flrurim-tulillt.  UojsUorici. 
T«mnofktil^.  M-Coj. 

Sub»(CTlui  Gf»(ro«r«.  Hvitt. 
S^«.«A«i;.,,  Meek  uhI  Wonben,  emend.  HfitL 
,Va  *('/"»,  Brejn. 

Subgpnii'  Htreeffloiia,  Connd.  emend.  Meek. 
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ombilionB),  and  Nautilus,  is  proposed  by  one  of  us  in  substitution 
for  Trematodiseus,  Meek  and  Worthen,  which  was  used  by  Hackel 
for  a  genua  of  Radiolarians.  The  name  Trematoeeraa  proposed  by 
Hyatt  (Proo.  Boston  Soo.  Nat.  Hist.  1883,  vol.  xxiL  footnote,  p.  291) 
in  lieu  of  TrematodiacuB  is  equally  ineligible,  because  preoccupied, 
for  although  the  species  described  by  Eichwald  (Leth.  Rossica,  1860, 
vol.  i.  p.  1259)—  Trematoceraa  discors — was  a  BaetriteBf  a  generic 
name  once  published  cannot  be  again  employed,  even  for  a  different 
group,  without  risk  of  confusion.*'  Prof.  Hyatt  retains  for  the 
shells  comprised  in  the  present  group  the  name  Vestinautilua  proposed 
by  Ryckholt;  but  de  Eoninok  pointed  out  that  this  name  was 
evidently  founded  upon  an  error  of  observation,  and  since  it 
''cannot  be  used  in  the  sense  intended  by  its  author,"  Mr.  Foord 
agrees  with  de  Eoninck  in  treating  Byckholt's  name  as  a  synonym. 
Mr.  Foord  reproduces  the  figures  of  the  impression  of  the  shell- 
muscles  of  C(BlonatUilu8f  which  appeared  in  the  Geoloqioal  MAaAzms 
for  November,  1889,  and  it  is  to  be  hoped  that  his  examination  of 
the  large  number  of  specimens  of  Ammonoidea  contained  in  the 
National  Collection  will  enable  him  to  demonstrate  also  the  form  of 
the  muscular  impression  in  some  of  the  Ammonites.  Several  new 
species  of  CoBlonautilua  are  described,  as  well  as  of  the  genera 
Temnoeheilua  and  Solenocheilus. 

Then  follows  the  genus  NauHliiSf  of  which,  according  to  a  table 
given  by  the  author  in  his  Introduction,  the  Museum  contains  88 
species,  viz.  6  Triassic,  30  Jurassic,  40  Cretaceous,  and  13  Tertiary. 
Mr.  Foord  remarks :  "  It  might  perhaps  have  been  supposed  that 
a  genus  so  rich  in  species  as  Nautilus  is  would  have  supplied  many 
subdivisions  or  groups  of  species ;  but  after  carefully  considering 
the  matter,  I  have  come  to  the  conclusion  that  such  groups  are  in 
the  present  case  unnecessary,  first,  because  the  relationship  in  which 
the  species  stand  to  each  other  is  fully  set  forth  in  the  remarks 
appended  to  the  descriptions  of  the  species,  and,  secondly,  because 
such  groups  are  apt  to  become  very  artificial,  owing  to  the  necessity 
for  frequent  change  in  the  selection  of  the  characters  upon  which 
they  rest.  It  is  true  that  there  are  often  met  with  in  the  genus 
Nautilus  assemblages  of  species  having  many  characters  in  common, 
which  are,  however,  too  variable  to  found  genera  upon." 

Many  of  the  species  of  Nautilus  are  comparatively  new,  having 
been  described  by  the  author  and  Mr.  G.  0.  Crick  in  the  Annals 
and  Magazine  of  Natural  History  for  April  and  May,  1890 ;  some 
are  quite  new,  but  the  excellent  figures  which  accompany  the  descrip- 
tions of  these  species  will  greatly  facilitate  their  identification. 

It  is  to  be  regretted  that  the  whereabouts  of  some  of  Sowerby's 
type-specimens  is  unknown.  This  is  the  case  with  Nautilus  simplex. 
On  comparing  the  characters  given  by  Sowerby  with  Mr.  Foord's 
description  of  his  new  species  semiundatuSt  we  think  the  author  has 
good  grounds  for  suggesting  the  possibility  of  Sowerby's  specimen 
being  a  badly-preserved  example  of  this  new  species.  He  adds 
(p.  286),  "  Unfortunately,  the  siphuncle  has  not  been  seen  in  N. 
semitmdaiua,  and  therefore  it  cannot  be  invoked  in  aid  of  this  com- 
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very  yourij:^  Nautili  is  often  absolutely  ii 
Passing  on  to  the  genus  Aturin  we  nc 
his  Monograph  of  the  Eocene  Mollusci 
and  figured  two  varieties   of  the  well 
Foord  reserveB  this  name  for  the  form 
plate  i.  of  his  Mineral  Conchology.  and  gi 
worthi,  to  the  more  compressed  shell  wl 
as  var.  /3.     llie  latter  comes  very  neai 
Atturi,  Basterot,  but  the  dififerences  in  the 
of  compression  are  considered  sufficient 
the  species.     As  to  the  Nautilus  Ungulatut 
of  Eressenberg,  Bavaria,  Mr.  Foord  ooi 
referring  it  to  Aturia  ziczac,  J.  Sowerby, 
The  concluding  section  on  the  Nauiil\ 
oholites   or  the   mandibles  of   fossil  Nc 
have  been  given  to  these  fossils,  and  ve 
entertained  as  to  the  advisability  of  refei 
species.     Although  it  has  been  suggested 
of  more  importance  for  the  purpose  of  cla 
of  Belemnites,  Mr.  Foord  refrains  from  rei 
species,  (1)  owing  '*to  the  want  of  stab 
to  found  genera  and  species,*'  and  (2)  be 
«  sufficiently  abundant  to  enable  one  to  tra 
arise  in  different  stages  of  growth,  and  tl 
limitation  of  such  species  as  may  be  04 
**  Under  these  circumstances  I   have  me 
principal  types  of  the  fossil  beaks  met 
Cretaceous  rocks  of  England  which.  «« 
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in  the  Museum  that  the  author  states  have  one  or  other  of  the 
mandibles  in  ntH  must  be  regarded  as  treasures  indeed.  A  figure  of 
one  of  these  specimens  is  given,  showing  the  mandible  upon  the 
surface  of  the  cast  of  the  ventral  aspect  of  the  body-chamber. 

The  figures  in  the  book  are  both  numerous  and  excellent,  and  we 
feel  quite  sure  that  the  volume  will  prove  a  most  valuable  addition 
to  our  knowledge  of  the  Cephalopoda. 


:RjBiJpa:RrnQ  ^istid  i»E,ocBBiDiiTa-s- 


Oeolooioal  Sooiktt  of  London. 

L— May  27.  1891.— Sir  A.  Geikie,  F.B.S.,  President,  in  the 
Chair. — Tlie  following  communications  were  read  : — 

The  Secretary  announced  the  presentation  by  Sir  John  W.  Dawson, 
LL.D.,  F.R.S.,  of  a  series  of  photographs  of  Nova-Scotian  Coed- 
Measure  Amphibia  and  Beptilia,  and  read  an  explanatory  note 
written  by  the  donor. 

Dr.  G.  J,  HiNDB  remarked  that  additional  interest  attached  to  the 
genus  Hylonomua  from  the  fact  that  a  representative  of  it  had  lately 
been  discovered  in  the  Burnley  Coalfield,  and  described  by  Mr.  A. 
Smith  Woodward,  F.G.S.,  in  the  May  Number  of  the  Gbolooioal 
Magazine  under  the  name  of  Hylonomus  Wildi. 

1.  "On  the  Lower  Jaws  of  Procopiodon"  By  R  Lydekker,  Esq., 
B.A.,  F.G.S. 

After  reviewing  Sir  B.  Owen's  writings  upon  the  large  extinct 
Kangaroos  for  which  he  established  the  genus  Procoptodon  in  1874, 
the  author  describes  two  mandibular  rami  from  the  clay  beds  of 
Miall  Creek  in  the  neighbourhood  of  Bingera,  N.S.W.,  which  belong 
to  this  genus,  and  from  their  characters  and  a  comparison  of  them 
with  the  lower  jaws  in  the  British  Museum,  he  maintains  that  this 
part  of  the  skull  indicates  two  very  distinct  species  of  the  genus,  for 
which  he  retains  the  names  P.  rapha,  Ow.,  and  P.  goliah,  Ow., 
though  it  is  {lossible  that  the  types  of  those  two  species  are  really 
specifically  identical,  in  which  case  the  name  P.  pu8io,  Ow.,  might 
have  to  be  adopted  for  one  of  the  species  described. 

2.  **  On  some  recently  exposed  Sections  in  the  Glacial  Deposits 
at  Hendon."     By  Henry  Hicks,  M.D.,  F.R.S.,  Sec.  Geol.  Soc. 

In  this  paper  the  author  brings  forward  evidence  obtained  from 
sections  exposed  in  gravel-pits  and  deep  cuttings  made  for  the  pur- 
pose of  laying  down  the  main  sewers,  to  show  that  Glacial  Deposits 
had  been  spread  out  to  a  much  wider  extent  over  the  Hendon 
plateau  than  had  hitherto  been  supposed,  and  that  they  had  reached 
down  the  slopes  to  below  the  ordnance-datum  line  of  2000  feet.  He 
further  mentions  that  there  is  evidence  to  show  that  these  deposits 
have  extended  in  a  S.  and  S.W.  direction  across  the  Brent  and  Silk 
Valleys,  and  now  occur  on  most  of  the  heights  in  the  parishes  of 
Kingsbury  and  Willesden.  As  the  sands,  gravels,  and  Boulder-clay 
vrhich  cover  the  Hendon  plateau  and  the  neighbouring  heights  are 
found  to  rest  on  an  undulating  floor  of  London  Clay,  and  to  follow 
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<f  the  hills  and  valleys,  the  author  oonsidera  tfant  it 
he  main  plivsical  features  of  tiiis  portion  of  N.W. 
re    mouWed    nt    a   vurv  eariy  stage   in   the    Glaoi*! 
fore  the  so-called  Middle  sands  and  gravels  and  over- 
toulder-clay  with  Northern  erratics,  were  deposited. 
at  at  thia  time  there  oonid  have  been  no  barrier  of 
1  to  prevent  these  dejjoBils  from  extending  into  the 
,  and  that  the  e^-idence  clearly  points  to  the  conclusion 
niout-bearing  deposits  on  the  higher  horizgns  in  tlie 
should  be  classed  as  of  contemporaneous  age  with 

Brent  Valley,  which  they  so  closely  resemble.     The 
ifore  satisfied  tliat  man  lived  in  the   neighbourhood 
(  Valley  in  the  early  part  of  the    Glacial   period; 
links,  in  pre-Glacial  times. 

coK,E.ES£^oisrxj:Biq-CE. 

OF  QUATERNARY  CHANGES  OP  LEVELS  IN  NOBTH 
MERICA  AND  THE  CARIBBEAN  REGION. 
ing  to  Mr.  Jukes- Browne's  letter  in  this  Magazinx 

W),  and  to  his  and  my  preceding  articles  and  oorre- 
ein  cited.  I  have  to  reply  that  the  questions  which  he 
estly  very  difficult;  but  certain  points  may  be  noted 
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The  disturbances  along  this  belt,  however,  have  been  of  a  different 
der  from  the  aplifts  and  subsidences  which  have  affected  the 
hole  continental  area  northward  from  the  Oulf  of  Mexico,  as 
lown  by  the  Pleistocene  submergence  of  river  valleys  and  Qords 
I  the  Atlantic,  Pacific,  and  Arctic  shores  of  North  America.  No 
18  than  twenty  submerged  valleys,  some  of  them  extending  to 
)pths  of  2000  to  3000  feet,  have  heen  found  by  soundings  on  the 
»ast  of  California  by  Prof.  George  Davidson,  of  the  U.S.  Ck>ast 
irvey;  and  Prof.  Joseph  Le  Conte  has  shown  that  the  time  of 
evation  during  which  they  were  eroded  was  the  Pliocene  and  early 
aatemary,  which  also  included  the  plication  of  the  Coast  Bange, 
e  outpouring  of  the  lavas  forming  the  Cascade  Range,  and  the  fault- 
g  and  tilting  that  elevated  the  Sierra  Nevada,  Wahsatch,  and  Basin 
angee  to  their  present  height  (Elements  of  Geology,  new  ed.  1891 ; 
ulletin  G.S.A.  vol.  ii.  1891,  pp.  823^30).  On  the  Atlantic  coast, 
o,  the  submerged  valleys  mentioned  in  previous  articles  were 
)ubtless  eroded  during  the  same  time.     Excellent  evidence  of  this 

given  by  the  submarine  channel  of  the  Hudson,  partly  a  profound 
ord,  extending  ahout  100  miles  beneath  the  sea,  and  descending  to 
le  depth  of  2844  feet;  for  samples  of  its  bottom  and  banks, 
rought  up  by  the  sounding-lead,  appear  to  belong  to  a  continuation 
'  the  Tertiary  sandy  clays  of  New  Jersey  (Am.  Jour.  Sci.  II L 
3l.  xxix.  pp.  475-480,  June,  1885;  vol.  xl.pp.  425-437,  Dec.  1890, 
ith  map).  These  deeply  submerged,  narrow  river  channels,  and 
le  similar  Arctic  fjords,  together  bear  testimony  of  a  late  Tertiary 
id  early  Quaternary  elevation  of  nearly  all  of  North  America  to 
loh  altitude  that  the  resulting  colder  climate  would  induce  glaciation. 
)  widely  extended  continental  uplifting,  and  the  later  Pleistocene 
spression  of  the  same  area,  belong  to  a  class  of  the  earth's  crustal 
ovements  which  Gilbert  and  White  have  called  epirogenic,  that  is, 
intinent-raaking,  in  contrast  with  erogenic  or  mountain-making 
pheaval  and  subsidence. 

In  the  Caribbean  region  depressions  succeeded  by  elevation  during 
ie  Quaternary  era,  which  are  known  from  the  raised  coral  reefs 
udied  by  Mr.  Jukes-Browne  and  others,  belong  to  orogenic  move- 
lents,  chiefly  by  faulting,  uplifting,  and  tilting,  which  have  taken 
lace  on  a  most  grand  scale  in  this  era  throughout  the  chain  of  the 
Test  Indies  and  Windward  Islands,  and  along  the  entire  Cordilleran 
elt  from  Cape  Horn  to  Panama,  to  the  Sierra  Nevada  and  Great 
asin,  and  to  Mount  St.  Elias  and  the  Aleutian  Islands.  These 
lountain -making  disturbances  have  been  closely  related  with  the 
reat  epirogenic  uplift  and  depression  of  North  America,  and  with 
leir  duplication  in  two  distinct  Glacial  epochs,  divided  by  a  very 
ing  interglacial  epoch  on  this  continent ;  but  to  attempt  discussion 
r  details  of  their  correlation,  or  to  speculate  upon  the  condition 
f  the  eai*th's  crust  and  interior  permitting  such  changes  of  levels, 
oald  require  too  much  space  for  a  letter.  Some  notice  of  these 
atters  will  be  found,  respectively,  in  my  article  in  the  American 
)Qrnal  of  Science  for  January,  1891,  and  in  my  appendix  of 
Wright's  "  Ice  Age  in  North  America." 
SoMmaviLLB,  JAabb.,  April  6iAy  ISdl.  'W IJIKra  TJ-PBi^ll. 
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A  VARIETT  OF  PICRITE  (SCTSUTE)  IN  SABS. 
Sib, — Batber  more  than  two  yean  rinoe  (Dec  IIL  ToL  YI.  p.  109) 
I  wrote  a  description  of  a  TarieCy  of  Pierita  wbidi  I  had  loiind  in 
boaldera  at  Port  da  Moolin,  &tfk,  stating  that  I  published  it*  is 
there  was  "  no  probability  of  my  veinming  to  Sark  for  yean,  if 
erer,^  in  the  hope  some  one  would  trsoe  this  inteiesting  ro^  to  its 
home.  Bat  the  onezpected  often  happens:  last  sammer*s  work 
among  the  hornblende  schists  of  the  Lisard  determined  Mr.  Bill 
and  myself  to  re-examine  those  of  Satk,  and  in  the  process  of  this 
the  picrite  was  not  foi^gotten.  After  a  oarefnl  search  along  the 
rocks  at  low  water  we  found  a  d3'ke  of  this  rock  at  the  foot  of  the 
cliffn  between  Port  du  Moulin  and  Ssignie  Bay,  nearly  opposite  to 
(perhnps  rather  to  the  south  of)  the  Grand  Autelet  It  is  at  the  bsso 
of  a  little  spur  from  the  cliff  of  banded  gneiss,  into  which  it  is 
intrusive,  but  it  only  shows  for  a  foot  or  so  above  the  shingle,  in  two 
or  three  humps,  running  seawards.  In  this  direction,  about  fifteen 
yards  off  among  the  boulders,  is  another  boss.  I  have  examined  the 
rock  under  the  microscope.  The  olivine  is  not  so  well  preserved, 
there  is  rather  less  mica  and  more  hornblende  than  in  the  speciroen 
described  in  1889;  it  is  not  quite  so  obviously  connected  with  the 
ser])entines,  but  I  have  no  doubt  that  the  boulder  came  from  some 
part  of  this  dyke.  We  searched  the  cliffs  very  carefully  up  to  the 
further  side  of  Saignie  Bay  on  the  north,  and  for  some  distance  to  the 
south  of  Port  du  Moulin  without  finding  any  other  dyke.  We 
now  think  it  very  improbable  that  Ansted,  in  speaking  of  a  dyke 
of  serpentine  as  crossing  the  island,  referred  to  this  rock.  We 
reserve  further  particulars  for  a  paper  in  which  we  hope  to  com- 
municate to  the  Geological  Society  the  result  of  our  work  in  Sark. 

T.  G.  Bonnet. 
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M.B.   (LOND.).    F.R.8..   F.G.S.,   F.L.8..   ETC. 

Born,  20th  April,  1824.    Died,  28th  Mat,  1891. 

Peter  Martin   Duncan   was  bom  at  Twickenham  in  1824,  and 

received  most  of  his  early  education  in  the  Grammar  School  there. 

After  leaving  tliis  he  lived  for  a  short  time  in  a  school  in  Switzerhmd, 

and  on  his  return  to  England  entered  the  Medical  Department  of 

King's  College,  in  September,  1842.     He  tliere  received  the  whole 

of  his  formal  scientific  training;   he  passed  the  preliminary  M.B. 

examination  with  honours  in  Anatomy  and  Physiology  iu  1844,  and 

obtained  the  full  degree  in  184G ;   he  was  elected  an  Associate  of 

his  College  in  1849.     Upon  the  conclusion  of  his  medical  studies, 

ho  acted  for  a  time  as  assistant  to  a  doctor  at  Rochester,  whence  he 

removi^  to  Colchester,  where  a  practice  had  been  purchased  for  him. 

Here  he  remained  for  many  years,  and  it  was  during  this  period  that 

he  j)i)l)Ji8lied  his  first  scientific  essay,  which  consisted  of  "Observations 

ou  the  Pollen  tube,  its  growtVi,  ^x^loVo^-j  «si^  -^V^^^viVi^  "  (1856). 

But  be  did  not  at  Colcbesler  %ecwT^  mwciVi  ^\si%  ^vix  wv^\«\  x^%ft%at^, 

for  iuo8t  of  that  which  was  leit  Yiim  \>^  Va%  ^tol««v5sa  ^^  ^iwswg^^ 
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by  work  in  connexioQ  with  the  raunicipal  politios  of  the  borough, 
in  which  he  seems  to  have  played  a  prominent  part.  The  fact  that 
he  served  as  Mayor  shows  that  he  had  won  the  confidence  of  his 
fellow-townsmen,  while  the  admirable  arrangement  of  the  local 
Maseam,  which  under  his  direction  was  reorganized  upon  lines  far 
in  advance  of  the  time,  is  a  sign  of  his  interest  in  the  educational 
institutions  of  the  town.  After  his  return  to  London  to  a  practice 
at  Blackheath,  he  was  able  to  spare  more  time  for  scientific  work, 
specializing  upon  the  Corals;  and  as  his  interest  deepened  in  the 
problems  which  these  presented  him,  he  was  led  to  abandon  lucrative 
prospects  in  his  profession  and  devote  himself  entirely  to  original 
research*  In  this  he  was  no  doubt  encouraged  by  the  reception 
accorded  to  his  first  palssontological  papers,  which  were  read  in 
1863 ;  they  at  once  gained  him  recognition  as  one  of  the  ablest  of 
British  paleaontologists ;  he  was  in  the  following  year  appointed  one 
of  the  Honorary  Secretaries  of  the  Geological  Society,  and  two  years 
later  he  was  elected  F.B.S. 

After  leaving  Blackheath  he  settled  near  Begent's  Park,  but  he 
was  not  long  allowed  to  remain  in  retirement,  as  in  1870  he  was 
called  to  the  chair  of  Geology  at  King's  College,  and  a  Fellowship 
followed  in  the  next  year.  Shortly  afterwards  he  accepted  also  the 
Professorship  of  Geology  at  Cooper's  Hill,  and  he  held  both  appoint- 
ments till  his  death.  He  resigned  the  Secretaryship  of  the  Geological 
Society  in  1870  after  a  seven  years'  tenure  of  office  through  a  period 
in  which  the  change  of  apartments  had  made  the  duties  more  than 
usually  onerous.  In  1872  he  was  elected  one  of  the  Vice-Presidents, 
an  office  which  he  held  till  his  promotion  to  the  Presidency  in  1876 
and  1877.  In  1881  he  was  awarded  the  Wollaston  Medal,  the  highest 
honour  which  the  Geological  Society  can  bestow.  Though  it  was 
the  Geological  Society  with  which  he  was  most  closely  connected,  he 
was  an  influential  member  of  other  scientific  bodies ;  he  served  on 
the  Council  of  the  Boyal  Society  from  1876  to  1878,  was  President 
of  the  Geological  Section  of  the  British  Association  in  1879,  and  of 
the  Microscopical  Society  from  1881  till  1883.  By  his  resignation 
of  this  post  he  terminated  an  official  career  of  no  ordinary  useful- 
ness, and  retired  to  Gunnersbury,  where  he  passed  the  remaining 
years  of  his  life. 

On  turning  to  Prof.  Duncan's  scientific  work,  one  is  impressed  by 
the  enormous  amount  he  accomplished  and  the  wide  range  of  his 
interests  and  influence.  As  has  been  previously  remarked,  his  first 
paper  (1856)  was  botanical,  and  he  long  retained  his  interest  in 
the  subject,  his  last  paper  on  vegetable  physiology  being  published 
in  1874;  while  still  later  he  worked  out  the  parasitic  algae 
which  he  discovered  in  some  of  his  Silurian  Corals.  His  first 
important  work  was  the  series  of  five  memoirs  on  the  Fossil  Corals 
of  the  West  Indies,  a  subject  which  he  took  up,  as  at  that  time  he 
failed  to  get  the  necessary  facilities  for  the  study  of  the  recent  forms. 
The  subject  was  full  of  difficulty  ;  the  living  Corals  of  the  area  were 
bat  little  known,  so  that  the  materials  for  the  comparison  of  the 
reeent  and  fossil  faunas  were  quite  insufficient.  But  Prof.  Duncan 
attacked  the  subject  with   characteiistic   energj,  an^  \l\&  v^\nA 
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common  sense  enabled  him  to  aToid  many  a  pitfidl ;  his  memoir 
was  certainly  a  most  yalnable  addition  to  tihe  knowledge  of  the 
later  Tertiary  Corals,  lliis  work  was  followed  by  a  long  list  of 
papers  and  monogpraphs  in  which  he  desoribod  the  Corsl  fiumas 
(especially  the  Gainozoio)  of  England,  Australia,  Tasmania,  Indis, 
Java,  Arabia,  and  Malta.  His  "  British  Fossil  OorsJs  **  is  probably  one 
of  the  finest  contributions  to  English  Palsaontology  ever  published  by 
the  PalsBontographical  Society ;  it  was  so  much  more  modem  in  its 
methods  and  more  thorough  in  its  treatment  than  the  leaa  painstaking 
work  to  which  it  was  issued  as  a  Supplement. 

But  though  Prof.  Duncan's  interests  were  probably  at  first  rather 
Eoological  than  geological*  he  soon  became  absorbed  in  the  line  of 
work  which  he  had  been  led  by  circmmstanoes  to  select.  He  early 
realized  that  the  description  of  the  anatomical  structure  and  the 
determination  of  the  systematic  position  of  a  fossil  did  not  oonstitote 
the  sole  duties  of  a  palaeontologist  With  him  these  were  but  pre* 
limiuary  to  the  consideration  of  the  affinities  of  faunas  and  their 
bearing  on  the  physical  geography  of  the  past  He  was  a  palawn- 
tologist  in  the  truest  sense  of  the  word, — not  a  morphologist  who 
happened  to  study  extinct  forms,  but  a  geologist  who  used  fossils 
as  a  petrologist  uses  miuerals.  Hence  his  early  work  on  the  West 
Indian  Corals  commenced  by  a  detailed  study  of  their  conditions 
of  fossil ization  and  closed  by  a  discussion  of  iheir  evidence  as  to 
the  CaiDozoic  physiography  of  the  Caribbean  region ;  similarly  his 
later  studies  of  the  £uropean  Corals  led  to  his  striking  paper  on 
''  The  Physical  Geography  of  Western  Europe  during  the  Mesozoic 
and  Cainozoic  periods  elucidated  by  their  Coral  Faunas." 

It  was  probably  his  desire  to  check  the  conclusions  yielded  by 
the  Corals  that  led  him  to  take  up  also  the  study  of  the  Echinoidea, 
and  as  work  with  these  is  more  definite  than  with  the  former,  it 
yielded  him  some  of  his  most  interesting  conclusions.  He  oom* 
menoed  with  the  Echinoids  of  beds,  the  Corals  of  which  he  had 
already  studied;  among  the  most  remarkable  were  the  collections 
from  South  Australia,  which  he  described  in  a  series  of  papers  dating 
from  1864  to  1887.  It  was  apparently  his  interest  in  the  origin 
of  tliis  fauna,  with  its  mixture  of  Cretaceous  and  Cainozoic  genera, 
that  led  him  to  turn  with  such  zest  to  the  Indian  Echinoids,  which, 
in  conjunction  with  Mr.  Sladen,  he  monographed  with  great  detail 
and  care. 

Of  the  Mesozoic  Eohinoidea  he  studied  with  especial  interest  those 
of  the  Cenoraaiiian,  and  by  the  aid  of  the  small  collections  of  the 
Kev.  W.  F.  Holland,  in  Sinai,  and  Dr.  Carter,  in  South  Arabia,  he 
gradually  built  up  the  connexion  of  the  European  fauna  with  that 
of  Northern  India.  And  then,  by  his  comparison  of  those  of  the 
Peninsular  and  Extra- Peninsular  areas,  he  demonstrated  the  existence 
of  the  land  barrier  that  stretched  across  India  and  away  to  the  south* 
west,  of  which  such  important  use  has  been  made  in  recent  con* 
troversy.  His  views  on  geographical  distribution  were  original  and 
had  been  carefully  matured  *,  Yvis  \ec\.\xx«  oxl  "  The  Formation  of  the 
Main  Land  Masses  "  showed  lAiaVi  \ia  ^ViuoV  w!Rk^\»>^^^««  ^'l  ^iA 


Obituary -^Prof.  P.  Martin  Duncan.  335 

permanence  of  ooeans  and  continents,  a  sabject  upon  which  his 
opinion  was  of  especial  value.  Another  of  his  contributions  to 
ofaorology  was  his  paper  on  the  fauna  of  the  Alpine  Lakes,  perhaps 
the  moat  serious  blow  ever  struck  at  the  theory  of  the  Glacial  origin 
of  the  Swiss  lake-basins. 

But  though  Professor  Duncan  did  not  regard  morphology  as  the 
highest  end,  he  did  not  by  any  means  neglect  it ;  thus  our  know- 
ledge of  the  perignathic  girdle  of  the  Echinoids  and  its  value  in 
classification  we  owe  mainly  to  him;  while  his  remarkably  sug- 
gestive and  original  essay  on  the  structure  of  the  ambulacra  of  the 
regular  Echinoidea,  perhaps  his  most  masterly  piece  of  work,  has 
gained  the  highest  praise  from  men  prejudiced  against  him. 

But  in  addition  to  his  contributions  to  palasontology  he  has  done 
much  in  zoology :  he  wrote  a  series  of  papers  on  the  anatomy  of  the 
TemnoplenridsB,  Saleniidaa,  and  other  groups  of  the  Echinoidea,  and 
described,  amongst  others,  the  Madreporaria  of  the  Porcupine 
Expedition,  the  Ophiuroids  and  Corals  of  Mergui,  and  in  conjunction 
with  his  constant  collaborator,  Mr.  Sladen,  the  Echinodermata  from 
Greenland.  It  was  probably  his  close  study  of  the  recent  forms  that 
made  his  judgment  usually  so  sound,  while  the  knowledge  gained 
was  indispensable  for  the  preparation  of  his  two  invaluable  works 
"llie  Bevision  of  the  Madreporaria"  and  his  ''Bevision  of  the 
Genera  and  Great  Groups  of  the  Echinoidea."  The  former  was  issued 
in  1885,  and  consisted  of  diagnoses  of  every  genus  of  Corals  (ex- 
cluding Bugosa)  and  of  a  classification  which  has  not  yet  been 
supplanted.  His  Bevision  of  the  Echinoidea  was  perhaps  still  finer, 
and  made  a  great  advance  in  our  knowledge  of  every  order.  The 
application  of  his  own  discoveries  on  the  ambulacral  structure 
enabled  him  to  bring  the  Palechinoidea  from  chaos  into  order,  and 
to  replace  the  artificial  arrangement  of  the  DiadematidsB  by  a  natural 
classification ;  his  previous  detection  of  the  fundamental  differences 
between  the  pits  of  Temnopleurus  and  the  fossettes  of  Temnechinua 
gave  him  the  clue  to  the  arrangement  of  that  group;  and  his  sub- 
stitution of  positive  for  comparative  diagnoses  in  many  recent  genera 
has  greatly  aided  the  comparison  of  the  fossil  and  deep-sea  types. 
But  his  use  of  the  perignathic  girdles  in  another  order  was  less 
BQocessful,  while  his  acceptance  of  Loven's  results  brought  him  into 
conflict  with  some  continental  palaaontologists  regarding  the  claRsifi- 
cation  of  the  Spatangoidea.  By  these  two  Bevision  s  alone  Prof. 
Duncan  has  earned  the  gratitude  of  every  palsBontologist  and 
zoologist ;  they  precisely  formulated  the  best  current  thought  of 
their  time,  and  have  given  a  firm  basis  for  future  work.  They 
must  be  indispensable  works  of  reference  to  every  student  of  these 
groups,  till  in  years  to  come  the  progress  which  they  have  so 
largely  aided  has  rendered  necessary  a  new  revision,  and  until  some 
one  is  then  ready  and  able  to  undertake  the  enormous  labour  such 
a  task  involves. 

But  in  addition  to  the  Corals  and  Echinodermata,  Prof.  Duncan 
made  some  contributions  to  the  study  of  the  Protozoa  and  Sponges, 
while  his  clearness  as  a  teacher  led  him  to  undertake  a  good  deal 
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iJi  lecturing  and  popobr  fitenry  worik:;  &■■  k»  aSted  the  sz 
Tolnmee  of  ''CMeeU's  Natnni  HHtorj,**  u^  enimg^ir  odwis  wtdcb 
a  primer  of  pbjtical  geopaph/t  a  ^nliiiHii  of  biographies  of  die 
"  Heroea  of  Scioiee,''  a  paper  on  Yohne'a  attilBde  to  gac^ogy,  and 
edited  recent  iaanea  of  LyeH'a  **  Scadenta'  Flenwri,," 

In  the  coone  of  ao  modi,  and  audi  widdj  difetent  work,  it  via 
bat  natoral  that  Profeaaor  Dmean  ahoold  at  timaa  hnve  oome  into 
oonfliot  with  hia  fellow^worfcera,  however  madi  he  himaelf  deteated 
oontroTeray.  On  the  one  hand,  hia  paanooate  h>Te  of  jostioe  led 
him  to  accept  the  namea  of  the  piooeera  of  ajatwinatir  aoology,  ud 
thos  bia  nomenchtare  baa  been  in  plaoea  lejectad  by  the  yonnger 
achool.  On  the  other  hand,  hia  work  haa  been  acTeraly  eriticiaed 
by  men  who,  caring  for  none  of  the  fAyaiographioal  problems 
Prof.  Dnncan  aet  himaelf  to  boItc^  ezpeetod  him  always  to  onite  the 
detailed  predaion  of  an  hiatologiat  with  the  giaap  of  a  pslasontologiil 
Bat  at  the  time  of  bia  work  on  the  West  Indian  Corala,  for  «^^Ti»pl*, 
Bucb  inyestigationa  woald  not  have  aided  him  in  hia  oompariaon  of 
the  recent  and  foadl  fannaa ;  and  lata*  opinion  aeema  faf  more  in 
ap^ement  with  hit  work  than  with  that  of  the  elaborate  monographs 
of  Michelotti  and  Duchaissang  that  immediately  followed  hia.  Bat 
it  in  to  be  regretted  that  be  did  not  adopt  aome  modem  methods 
qtiite  AS  early  a«  he  might  have  done,  especially  as  hia  work  on  the 
TeinrtaplenridcB  shows  how  well  he  knew  how  to  use  them.  Another 
source  of  trouble  was  that  he  had  a  somewhat  aggravating  vray 
of  giving  wrong  references,  which  brought  down  upon  him  the 
censures  of  those  who  aeem  to  think  that  it  is  a  mere  matter  of 
detail  whether  the  si)ecie8  be  rightly  identified  so  long  as  the 
reference  be  correctly  cited.  But,  loathing  controversy  as  he  did, 
be  ignored  criticism  as  far  as  possible,  and  perhaps  the  only  time 
wlien  he  was  really  roused  to  wrath  was  by  the  neglaet  by  some 
recent  Echinologists  of  the  results  of  the  work  of  hia  great  Swedish 
friend ;  the  vigour  of  his  onslaught  on  this  occasion  puasxled  those 
who  did  not  understand  his  devotion  to  the  man  to  whom  be  often 
referred  with  modest  reverence  aa  ''my  master  Loven." 

To  his  first  love,  the  Corals,  he  proposed  to  retnm  on  the  con- 
clusion of  his  revision  of  the  Echinoidea;  he  oommenced  work  upon 
n  large  Indian  collection,  and  planned  a  supplement  to  his  Revision 
of  the  MadreiK)raria  in  which  he  intended  to  discuss  recent  criticism 
and  incoq)orate  subsequent  progress.  But  it  was  not  to  be :  he  was 
smitten  with  disease,  and  aflter  a  long  and  painful  illness  quietly 
pasHed  away  on  the  early  morning  of  the  28th  of  May. 

'J1io  fine  keen  sense  of  humour  which  remained  unblunted  almost 
to  the  liist,  the  genial  kindness  with  which  he  was  ever  ready  with 
help  eKpiK^ifilly  to  younger  men,  united  with  the  recognition  of  his 
sterling  worth  and  sound  judgment,  gained  for  him  wide  popularity 
and  estconi.  And  now  that  Prof.  Duncan  has  passed  to  hia  well- 
earned  rest  not  only  is  the  world  the  poorer  by  the  loss  of  a  great 
])aln)ontologist  and  of  a  strong  and  original  intellect,  but  a  wide 
oirclo  nf  hia  fellow-workera  Wi^  \o  mo^tn  the  departure  of  a 
truatod  friend.  ^*^*Qi. 
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I. — On  the  Sands  and  Gravels  Intbboalatbd  in  the 

BOULDEB-GLAY. 

By  6.  W.  BuLMAN,  M.A.,  B.Sc,  Corbridge-on-Tyne. 

THE  interpretation  of  the  sands  and  gravels  intercalated  in  the 
glacial  drift  is  one  of  the  most  interesting  problems  in  glacial 
geology.  Do  they,  on  the  one  hand,  represent  the  deposits  of  one 
or  more  mild  intervals  alternating  with  periods  of  intense  cold  ;  or 
were  they,  on  the  other,  laid  down  during  one  continuoos  cold 
period  marked  by  such  slight  oscillations  as  can  be  shown  to  oocar 
in  connection  with  existing  glaciers  and  ice-sheets? 

The  former  view  has  been  ably  advocated  by  geologists  of  repute 
— notably  by  Prof.  J.  Geikie — and  implies  the  belief  in  one  or  more 
intervals  of  mild  climate,  each  comparable  in  duration  to  the  cold 
period  which  it  followed  and  preceded.  It  is  founded  partly  on 
the  idea  that  the  sands  and  gravels  are  due  to  such  aqueous  action 
as  would  indicate  a  permanent  retreat  of  the  ice ;  and  partly  on 
some  few  mammalian  and  other  remains  found  in  them. 

Prof.  Geikie  expresses  his  opinion  as  follows  : — 

1.  "  The  till  itself  is  a  truly  glacial  deposit,  due  to  the  grinding 
action  over  the  surface  of  the  country  of  immense  masses  of  glacier 
ice.  But  no  one  will  doubt  that  its  intercalated  and  subjacent  beds  of 
silt,  sand,  and  gravel  have  had  a  very  different  origin.  They  occur 
in  such  layers  as  could  only  have  been  spread  out  by  the  action  of 
running  water."  * 

2.  "  We  have  found  that  there  is  abundant  proof  to  show  that  the 
accumulation  of  a  moraine  profonde  by  one  great  ice-sheet  was  inter- 
rupted several  times ;  that  the  ice-sheet  vanished  from  the  low 
grounds,  and  even  from  many  of  the  upland  valleys,  and  that 
rivers  and  lakes  then  appeared  where  before  all  had  been  ioe  and 
snow.  We  have  also  learned  that  during  such  mild  interglacial 
periods.  Oxen,  Deer,  Horses,  Mammoths,  Reindeer,  and  no  doubt 
other  animals  besides  these  occupied  the  land."' 

But,  admitting  such  evidence,  it  is  obvious  that  there  must  have 
been  not  one  but  several  such  mild  interglacial  periods.  And  so 
we  find  Prof.  Geikie  stating,  in  his  address  to  the  Geological  Section 
of  the  British  Association  at  Newcastle  in  1889,  that,  "  In  some 
places  three  or  more  such  boulder-clays  have  been  observed  over- 

»  "  Great  Ice  Age,"  p.  165.  »  Ditto,  ^.  1^\. 
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rf           ^•iS'??^^.  S"'"'.  ""i  Brlickoer 
"*'                  ^"^i^^iS^ilA  """i  maintain  that  there 

?         l'^*^^.^  "I"™  '""St  have  been  a  greater 

^^'^.(WJScdfe  that  the  glacial  epoch  lasted 

i^-M'Zl^ita  inio  periodB  of  10,000— the  time 

J^^jK^S^wo  get  eight  such  mild  interglacial 

'^^^ ^  the  ice  age  into  perinda  as  follows :  '— 

^  ,^ Piirtw. 

L^^J'^.. Cromer  Clay  and  contorted  h*d<. 

"rV^J Great  chaJkybuulder-clBT.  etc, 

■^Cld  period    ...  [  ^'^  ^^T"  Pr'",^'>'"''>  '"■''<'"■ 
^>0*""    ^                I      d«T  and  purple  clay. 
:>'^                         1  P"Ti«  "l"?-  '"■'«'  boulder-day  of 

"^  J^^     t      Laneathire. 

^/%a  ioterglaaial   mUd  )  Henle  gravel,  middle  eaods,  etc., 

V          (      of  Lanciushire. 

i   ■    '.^^[                           1  He<sle  clay,  upper  bouider-ckj 

^  [0  iho   first  point  iu  the   eviilt'iicc,  two  wuggealiotis 
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le  products  of  etream  and  ioe  action  would  neoessaiilj  be 
[led  during  the  contiDuance  of  the  cold  period.     For,  during 
liner,  ice  action  would   give  -plsLce  to  that  of  water  near  the 
^rmination  of  the  ioe-sheet  or  glacier;   and   thus   truly  aqueous 
iits  would  be  formed  over  the  glacial,  to  be  in  turn  overlaid 
by  the  latter. 

A  succession  of  exceptionally  warm  summers,  too,  might  cause 
the  temporary  retreat  of  the  ice — just  as  in  recent  years  a  succes- 
sion of  exceptionally  severe  winters  caused  the  formation  of  a 
veritable  glacier  in  one  of  the  Scotch  valleys — and  permit  of  the 
formation  of  a  thicker  series  of  sands  and  gravels. 

And  as  near  the  extremity  of  a  glacier  or  ice-sheet  stream  action 
takes  the  place  of  that  of  ice  every  summer,  and  to  a  more  marked 
extent  during  a  succession  of  warmer  seasons,  so  we  should  expect 
to  find  the  retreating  ice,  as  the  glacial  epoch  passed  away,  followed 
by  a  series  of  mixed  flu  via  tile  and  glacial  deposits. 

And  as  oscillations  in  the  extent  of  existing  glaciers  are  well 
known,  so  we  naturally  infer  it  was  in  the  past. 

As  regards  the  present  day,  Prof.  Prestwich  quotes  the  case  of 
a  glacier  which  has  advanced  a  mile  in  a  century,  and  that  in  a 
region  where  there  is  a  general  retreat  of  the  ice. 

And  Mr.  Lydekker,  in  his  account  of  the  Qeology  of  Baltistan, 
Kashmir,  describes  one  glacier  which  is  retreating,  and  another 
which  is  advancing.     Thus  of  the  Tupsa  glacier  he  writes : 

'*A  comparatively  modem  terminal  moraine,  forming  a  dome- 
shaped  hill  covered  with  cypress,  bounds  the  cultivated  ground 
superiorly ;  above  this  old  moraine  is  the  present  terminal  moraine 
of  the  glacier.  The  above  appearances  seem  to  indicate  that  the 
Tapsa  glacier  has  receded  by  small  gradations,  pausing  here  and 
there,  until  it  finally  attained  its  present  shrunken  dimensions." 
But  of  the  Palma  glacier : 

"  The  present  Palma  glacier  shows  pretty  evident  signs  of  being 
on  the  increase,  since  it  terminates  inferiorly  in  an  abrupt  and 
precipitous  wall  of  ice,  with  but  comparatively  little  debris  and  no 
distinct  terminal  moraine,  which  seems  to  have  been  overflowed  and, 
so  to  speak,  swallowed  up  by  the  glacier."  ^ 

The  possibility  of  lacustrine  action  in  glacial  times  is  also  sug- 
gested by  the  usually  received  interpretation  of  the  parallel  roads 
of  Glen  Boy.  These  are  held  to  have  been  formed  by  a  lake  caused 
by  the  blocking  up  of  the  lower  part  of  the  valley  by  ioe.  While 
the  lake  stood  at  different  levels,  the  action  of  the  water  formed  a 
series  of  shelves  on  the  mountain  side  along  the  margin  of  the  lake. 
But  it  is  difficult  to  resist  the  conviction,  that  if  the  lake  was  fed  by 
streams,  more  or  less  lacustrine  deposits  would  be  formed  in  it :  in 
other  words  that  gravel,  sand,  and  silt  would  be  laid  down,  and 
afterwards  overlaid  by  typical  glacial  deposits. 

And  stream  action  also,  it  is  well  known,  occurs  beneath  the  ice- 
iheet  and  glacier.  Springs,  for  example,  issuing  from  the  ground 
beneath  the  ice,  will  cut  for  themselves  channels  through  it.     The 

^  Becordfl  Geol.  Surr.  India,  vol.  xiy.  pp.  44-46. 
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A  of  the  ice  iUelf  prevents  tlie  intense  estoniBl  ooM 
Hprings,   am]   they   may  coiiliniie  lo  flow  during  the 
We  may  even  speculate  on  tbe  probability  that  in 

Bjmngs  were  more  numerous  and  powerful  than  th'-y 
It  first  sight  the  suggestion  doubtless  ariees,  that  the 
i  lack  their  usual  source  of  supply,  and  early  in  Iho 
become  dried  up.     But,  in  the  first  pluce,  the  aurfaoe 
itly  melting,  and  the  water  at  times  sinking  down 
:8  to  the  bottom  ;  and,  in  the  second  place,  ice  melts 
jre  and  friction  auoh  as  occur  beneath  an  ice-sheet  or 
ie  two  sources  of  supply  might  still  feed  the  epriugs, 
ncresse  the  streams  formed  by  them, 
lity  of  stream  action  beneath  a  great  continental  ice- 

«e   rivers  cutting  for  themselves  channels    between 
md  all  finally  disappearing  by  plunging  down  through 
ho  iwi  to  the  bottom."      These  rivers  then  probably 
b-g!acial  channels  to  the  estremity  of  the  ice-sheet, 
oks,  and  forming  fluvialile  deposits  as  they  go. 
)n  with  this,  it  may  be  noted,  that  it  is  held  by  many 
,  was  received  from  the  sun  during  the  summer  of  Ihe 
than  at  present,  and  that  consequently  this  surface- 
ormation  of  rivprs  would  be  on  a  larger  scale. 
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In  describing  the  middle  glacial  beds,  Mr.  Whitaker  writes: 
"  Besides  these,  however,  there  is  sometimes  a  layer  of  true  Boulder 
Clay  in  the  gravel,  that  is,  a  clay  that  contains  irregularly  rounded 
fragments  or  boulders  of  various  rocks,  the  surfaces  of  which  are 
furrowed  and  scratched  in  the  way  that  is  peculiar  to  stones  that 
have  been  dragged  along  by  masses  of  ice  over  a  floor  of  rock. 
This  clay  being  like  that  which  occurs  in  force  above  the  gravel, 
serves  to  link  the  two  deposits  together,  and  to  show  that  the 
glacial  conditions  which  seemed  to  have  reigned  supreme  during 
the  great  mass  of  Boulder  Clay  existed  also  during  the  deposition 
of  the  lower  bed,  though  to  a  less  extent."  ^ 

lliis  layer  of  Boulder  clay  in  the  gravel  can  hardly  be  considered 
as  the  product  of  a  glacial  epoch,  followed  and  preceded  by  a  mild 
epoch  when  gravel  was  laid  down. 

And  there  is  another  way  in  which  true  river  sands  and  gravels 
may  be  intercalated  in  glacial  beds  without  the  intervention  of  a 
warm  interglacial  period.  They  may  be  preglacial  river  deposits 
pushed  on  by  the  advancing  ice  over  boulder  clay  already  laid  down. 

Such  preglacial  river  sands  and  gravels  must  have  been  abundant, 
and  it  is  usually  believed  that  a  part  of  the  work  of  the  ice  was  to 
sweep  these  down  the  valley.  What  more  likely  than  that  some 
of  these  deposits,  thus  pushed  on,  would  be  stranded  in  some  quieter 
spot  and  at  times  left  on  the  surface  of  already  deposited  till  ? 

In  writing  of  the  glaciation  of  South  Lancashire,  Mr.  A. 
Strahan  speaks  of  the  Boulder  clay  as  ''sometimes  rudely  strati- 
fied," although  ''  usually  devoid  of  such  lamination  as  is  shown  by 
clays  deposited  freely  in  water."  * 

He  thus  further  describes  the  alternation  of  sheets  of  Boulder  clay 
with  sand  and  gravel  in  certain  districts : 

"In  every  case  where  the  drift  attains  any  thickness,  as  in  a 
preglacial  river-valley,  or  the  maritime  plain  of  North  Flintshire 
and  Denbighshire,  it  is  found  to  consist  of  alternations  of  sheets  of 
Boulder-clay  with  sand  and  gravel,  the  beds  running  sometimes  for 
a  mile  or  two  without  interruption." ' 

Here,  again,  we  cannot  suppose  each  sheet  of  Boulder  clay  to 
represent  a  glacial  epoch,  and  each  separating  gravel  a  mild  period ; 
we  are  rather  bound  to  conclude  that  the  glacial  conditions  which 
produce  Boulder  clay  are  able  also  to  produce  sand  and  gravel; 
that  the  alternations  here  seen  are  due  to  merely  temporary  alterations 
of  conditions,  as  between  summer  and  winter  or  small  oscillations  in 
the  extent  of  the  ice. 

The  section  at  Blackpool  is,  perhaps,  one  of  the  most  favourable 
to  the  hypothesis  of  a  mild  interglacial  epoch.  There  it  is  said  there 
are  two  Boulder  clays,  separated  by  a  series  of  sands  and  gravels. 

This  series  of  beds  is  described  in  detail  with  a  section  by  Mr.  T. 
Mellard  Beade.* 

But  although  it  is  true  there  is  in  this  coast  section  a  lower  bed 

'  (reologj  of  London,  Geol.  Surv.  Mem.  pp.  52,  63. 

*  dJ.G.S.  vol.  xlii.  pp  373-4.  *  Op.  eit.  p.  383. 

*  QJ.G.S.  Tol.  xxxix.  p.  83. 
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?,  succeeded  by  a  wries  of  eamls  and  gravels,  whiot 
trlftid  by  Itoiilder  clay,  the  general  relatioDs  of  the 
er  to  a  partial  sorting  of  materiale  produced  under 
litiona  than  to  aucb  a  great  change  at,  that  implied  by 
a  glacial  to  a  milii  climate. 

the  firat  place,  no  sign  of  the  denudation  of  the  lower 
"ore  the  deposition  of  the  aands  and  gravels,  or  of  the 
e  deposition  of  the  upper  clay. 

e  seriee  of  sande  and  gravels  is  neither  bo  extensive 
as  might  be  expeoted  on  the  hypothesis  of  their  iuter- 

;  of  the   Blackpool   section,  for  example,  the   only 
Veen  the  upper  and  lower  clay  is  a  bed  of  sand  a  few 

separation  into  upper  and  lower  Boulder-clay  seems 
In  the  first  place,  Mr.  Reade  points  out.  that  in  a 
the  Blackpool  section  some  years  previously  by  Mr. 
nation  of  the  clay  by  sand  and  gravel  is  given  in  one 
t  of  the  section  loftere  there  I'l  tueh  a  teparalion  now. 
his   on   the   supposilion,   that,   as   the   seclinn   is  now 
further  inland,  the  separating  beds  now  visible  had 
nwarda.     And  ho  Riiggeets  the  probability  that  if  the 
followed  inland,  the  upjier  and  lower  clays  would  be 
ice  in  a  similar  way.    llie  probability  of  this  is  further 
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by  whioh  the  drift-beds  might  be  separated  into  geological  horizons 
— because,  if,  as  some  maintain,  two  glacial  and  one  inter-glacial 
period  are  represented  in  these  beds,  there  ought  to  exist,  a  priori, 
some  decided  distinction  in  the  Molloscan  fauna.  I  have  utterly 
failed  to  detect  any.''^ 

That  the  limited  mass  and  area  of  these  sands  and  gravels,  and 
the  absence  of  signs  of  denudation  between  them  and  the  Boulder- 
clay,  is  decisive  evidence  against  their  being  the  deposits  of  a  mild 
interglacial  epoch,  comparable  in  duration  to  the  glaoieil  period 
itself,  is  indicated  by  a  consideration  of  what  would  probably  take 
place  during  such  an  interval,  and  by  a  study  of  post-glacial  sands 
and  gravels. 

For,  on  the  melting  of  the  ioe,  river  action  would  be  intensified ; 
vast  quantities  of  morainic  matter  would  be  carried  down  by  the 
swollen  streams,  and  spread  out  over  the  boulder-day  of  the  plains 
in  the  form  of  sand  and  gravel.  At  the  same  time  there  would  be 
denudation  of  the  boulder-clay  in  places,  and  some  of  these  denu- 
dation hollows  would  be  filled  again  with  gravel.  In  places  this 
sand  and  gravel  might  reach  the  sea,  and  form  marine  deposits. 

But  this  would  not  continue  for  very  long :  the  streams  would 
lose  their  carrying  power ;  the  gravel  would  no  longer  be  carried  to 
the  lower  grounds,  and  they  would  commence  to  cut  their  channels 
through  the  gravel,  and  then  through  the  underlying  boulder-clay. 

This  gives  a  clear  idea  of  the  unconformable,  denuded  junctions 
we  should  expect  to  find  between  the  sands  and  gravels  of  an  inter- 
glacial epoch,  and  the  boulder-clays  of  preceding  and  succeeding 
glacial  epochs.  And  such  a  course  of  events  is  indicated  for  the 
cloHe  of  the  glacial  epoch,  and  the  incoming  of  the  present  mild 
climate  by  a  study  of  post-glacial  sands  and  gravels. 

In  Northumberland,  for  example,  a  considerable  thickness  of  such 
deposits,  known  as  the  "  Upper  Drift  Sands  and  Gravels,"  are  found 
overlying  the  boulder-clay.  At  the  junction  the  latter  shows  signs 
of  denudation  in  places,  while  the  overlying  beds  show  at  times 
clear  indications  of  being  in  part  composed  of  the  re-assorted 
boulder-clay.  And  since  the  formation  of  the  upper  beds  the 
streams  have,  in  many  cases,  cut  down  through  sand  and  gravel 
and  boulder-clay  to  the  rock  below. 

Ought  we  not,  then,  to  look  for  some  evidence  of  a  similar  course 
of  events  in  the  relations  and  characters  of  the  beds  of  the  supposed 
interglacial  epoch  ? 

The  glacial  phenomena  of  the  Yale  of  Eden,  as  described  by 
Mr.  Goodchild  (Q.J.  G.  S.  1875),  point  rather  to  the  intermingling 
and  overlapping  of  the  action  of  ice  and  water  taking  place  more 
or  less  contemporaneously,  than  to  distinct  glacial  and  interglacial 
periods. 

A  few  sections  at  the  foot  of  Stainmoor,  Mr.  Goodchild  points  out, 
"show  that  locally  a  threefold  division  of  the  drift  obtains."  Yet 
he  adds  a  little  further  on,  *'  It  is  nearly  impossible  to  make  out  any 
definite  order  of  succession  in  the  drifts  in  the  lower  parts  of  the 

1  Q.J.G.S.  1874,  p.  124. 
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w  seotiona  Been  show  plainly  enough  that  massea  of 

ul  pass  irilo,  and   are   interwoven  with  clay  drifts  in 
to  defy  any  attemjil  at  separalion  over  large  areas, 
s  sectioDa  may  be  indicated  which  do  show  a  definite 

on   of   the   remarkable  series  of   aectiona    from   the 
Settle  and  Carlisle  Railway  given  in  Mr.  Goodcbitd's 
g  the  inliniate  interweaving  of  stratified  Bands  and 
[iiiuated  clays  with  till  and  boulder  clay,  indicate  the 
ility  of  referring  the  former  to  a  distinct  period, 
iilereating  to  note  that,  "  towards  the  mouths  of  tbe 
d  quantity  of  clay  in  the  whole  accuninlatioa  of  drift 
ises.  until  very  little  else  than  clean  sand  and  gravel 
A,  except  in  the  maritime  diBtricts.  where  the  true 
imes  on."     For,  as  the  ice  descended  the  valley,  the 
be  the  amount  of  aqueous  action,  and  the  lesa  that 

deposits  of  Lincolnshire,  and  the  neighbouring  parts, 
i  apparently  favouriug  the  view  of  iiiterglacial  epoohs. 
Wood  (Q.J.G.S.  vol.  xniv.  p.  U6)  divided  the  series 

Hessle  clnr. 

Ilc«slu  ssnd  and  graveL 

Purple  clay. 

8«na»  and  pavel. 

Basement  ckjf  [Ctisllty  boulder  clej). 
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that,  in  the  absenoe  of  sections,  there  is  here  no  evidence  of  an 
interglacial  epoch  between  the  periods  of  the  chalky  and  purple  clays. 

Again,  glancing  at  Mr.  Jukes-Browne's  map,  one  is  inclined  to  ask, 
why,  on  the  hypothesis  that  the  formation  of  the  purple  clay  wat 
%yb9equent  to  that  of  the  Chalky,  none  of  the  former  was  laid  down 
on  the  latter  over  all  that  region  west  of  the  chalk  Wolds  where  it 
occurs ;  while  at  the  same  time  it  does  occur  further  west  and  north 
away  ^m  the  chalky  boulder  clay  ?  And  why,  on  the  other  hand, 
the  chalky  clay  is  not  found  beneath  the  purple  on  the  east  of  the 
Wolds  ? 

As  regards  the  division  between  the  purple  and  Hessle  clays, 
Mr.  Jukes-Browne  shows  that  the  sands  and  gravels  separating 
them  graduate  into  both  lower  and  upper  clays;  the  sand  beds 
containing  patches  of  boulder-day,  and  the  latter  beds  of  sand  in 
the  usual  way.  He  concludes  finally  that  there  is  no  break  between 
the  clays. 

The  presence  of  Oyrena  fluminalia,  noted  by  Mr.  Wood  in  the 
Hessle  beds,  may  be  taken  as  an  indication  that  the  climate  was 
ameliorating  as  the  ice  gradually  disappeared. 

Prof.  Greikie  points  to  the  Interglacial  beds  of  other  countries  as 
additional  evidence  of  mild  interglacial  periods  in  our  Northern 
hemisphere — he  claims  it,  in  fact,  from  every  country  yet  examined  : 

"  In  every  country  where  the  glacial  deposits  have  been  studied,  we 
have  clear  proof  of  a  mild  interglacial  period  having  supervened.*'  ^ 

The  intercalated  beds  of  Switzerland  are  of  special  interest,  con- 
sisting as  they  do  of  seams  of  lignite  from  two  to  five  and  some- 
times even  twelve  feet  thick,  and  which  have  been  worked  for  fuel. 
They  are  made  up  of  the  remains  of  peat-forming  plants,  and  rest  on 
sand  and  clay,  beneath  which  is  the  grund-morane.  Remains  of 
Pines,  Oaks,  Birches,  Larches,  eta,  occur  in  these  lignites,  from 
which  Prof.  Heer,  has  inferred  that  the  climate,  at  the  time  of  its 
formation,  was  the  same  as  that  of  Switzerland  at  the  present  day. 

The  inference  drawn  by  Prof.  Geikie  is,  "  that  the  great  mer  de 
glaee  eventually  vanished  from  the  low  grounds,  and  the  glaciers 
shrunk  back  again  into  the  deep  mountain-valleys.  The  climate 
grew  as  mild  as  it  is  at  present.  Oaks,  Pines,  and  other  trees 
overspread  the  ground,  and  many  large  animals  became  denizens  of 
Switzerland.  That  this  condition  of  things  must  have  endured  for 
a  long  time  no  one  can  doubt  Nor  could  the  change  from  the 
intense  glacial  climate  of  the  great  mer  de  glaee  have  been  other 
than  gradual.  The  glaciers  would  slowly  retire,  and  many  ages 
would  elapse  before  the  condition  became  such  as  to  induce  the 
growth  of  Oak-trees.  After  the  genial  climate  that  nourished  these 
trees  had  lasted  for  untold  centuries,  the  cold  again  increased. 
Slowly  the  glaciers  crept  down  the  valleys.  Little  by  little,  year 
by  year,  they  continued  to  advance,  until  at  last,  escaping  from  the 
mountain- valleys,  they  deployed  upon  the  low  grounds.  And  now, 
eDcroaohing  upon,   and  eventually  occupying   the  basins  of   the 

^  Great  Ice  Age,  p.  491. 
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tliey  crept  out  from  these  and  pQad  up  great  enj- 
the  lower  groundB  beyond."' 

infereDCe  as  to  climato  ia,  however,  somewhat  incon- 
Oak.  Birch,  ana   Lareh  are  doubtleas  native  tree*  in 
the  present  day,  but  do  Ihey  not  occur  up  to  such 
ley  might  easily  be  mingled  with  the  deposits  of  the 
B,  especially  during  some  of  those  minor  osciUatioOB 
are  subject?     And  if  those  in  the  lignites  are  proved 
ted  with  glacial  deposits,  it  may  not  mean  any  murs 
e  temperate  forms  of  vegetation  approached  the  Joa 
period  BS  nearly  as  the  same  trees  approach  the  ice 
Jt  the  evidence  that  the  growth  of  these  trees  wa» 
1  glacial  period  is  less  satisfactory  than  that  it  w»8 
le  same. 

ia  surmounted  by  sand  and  gravel  upon  which  are 
alpine   ernitics.     This  is  certainly  suggestive,    but 
at;   for,   to  quote  the  authors  of  the  Manual  of  the 
dia,  such  "jireBUTned  erratics  "  are  the  "  least  certain 
ence  of  glacial  action.     And  in  considering  such  ths 
yiug  power  of  Alpine  torrents  is  perhaps  too  much 

1  Prof.  Geikie,  "the  erratic  Wocks  that  overlie  ths 
t  the  only  evidence  of  this  second  advance  of  the 
t  the  ice  after  retiring  from  the  Jura  to  the  mountain- 
un  invade  the  low  country  bad  been  inferred  before 
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Prof.  Q^ikie  agrees  with  M.  Morlot  as  to  the  relative  severity  of 
the  two  glacial  epochs : 

"  The  glaciers  of  the  second  period,  although  of  very  much  larger 
dimensions  than  their  puny  descendants  of  to-day,  yet  were  them- 
lelvee  but  pigmies  as  compared  to  the  gigantic  ice-flows  of  the  first 
period." 

But  surely  it  would  be  difficult,  or  even  impossible,  to  distinguish 
between  glacial  deposits  formed  at  two  distinct  epochs  of  such 
character  separated  by  a  mild  interval,  but  with  no  distinct  memorials 
of  the  latter,  and  a  series  of  deposits  formed  by  ice-sheets  and 
glaciers  continuously  or  intermittently  retiring.  If  the  ice,  after 
gradually  retiring  to  a  certain  point,  made  a  prolonged  pause  before 
finally  shrinking  to  its  present  limits,  we  might  expect  to  find  two 
apparently  distinct  sets  of  deposits  such  as  those  described,  and  one 
of  which  indicated  a  much  more  limited  extent  of  ice.  In  fact,  all 
the  phenomena  of  these  Swiss  beds  here  mentioned  are  not  only 
possible  on  the  hypothesis  of  an  oscillating  and  intermittently 
retiring  body  of  ice,  but  are  exactly  such  as  we  should  expect  on 
this  view. 

And  Prof.  Prestwich  does  not  consider  the  evidence  of  these  beds 
— ^nor  indeed  the  evidence  for  interglacial  periods  generally — as 
oondusive. 

''  It  ia  asserted,"  he  writes,  **  that  in  Europe  there  were  interglacial 
perioda  during  which  the  ice  disappeared  from  the  surface  for  great 
lengths  of  time.  But  either  the  evidence  is  insufficient  or  it  points 
to  slight  temporary  effects,  except  in  one  case,  which  is  of  more 
importance,  and  on  which  the  greatest  stress  is  laid,  namely,  that  of 
Diimten  in  Switzerland.  There  beds  of  lignite  with  mammalian 
remains  are  intercalated  between  two  glacial  deposits.  Admitting 
the  fact  that  the  lignite  rests  on  beds  of  undoubted  glacial  (ground- 
moraine)  origin,  and  that  the  trees  grew  on  the  spot  where  their 
stumps  and  remains  are  found,  it  by  no  means  follows,  as  contended, 
that  because  these  trees  are  all  of  species  now  living  in  Switzerland, 
the  temperature  was  that  of  Switzerland  of  the  present  day.  Pinus 
syheatris,  Abie$  exeeha,  the  Yew,  the  Birch,  and  the  Oak  flourish 
equally  in  Sweden  and  far  north  in  Siberia.  On  the  other  hand, 
there  is  one  species  of  Pinus  (P.  montana)  which  is  spread  over  the 
mountain  country  up  to  heights  of  7000  feet,  and  is  rare  in  the  low 
lands ;  while  one  of  the  Mosses  is  closely  allied  to  a  species  now 
growing  on  the  hills  of  Lapland.  The  few  species  of  Mammalia 
have  a  distinctly  northern  facies.  Elephas  primigeniut,  E.  anttquua, 
Ursus  apelauSf  as  also  Cervfu  elaphtia,  and  Bos  primigentus,  are 
commonly  associated  with  the  Reindeer,  Musk,  etc.,  and  other 
Arctic  animals  of  the  cold  post-glacial  times. 

Is  the  return,  therefore,  of  the  retreating  glacier,  supposing  the 
boulder-gravel  above  the  lignites  of  Durnten  to  be  due  to  direct 
ice-action,  to  be  ascribed  to  anything  more  than  a  comparatively 
alight  temporary  change  of  climate,  like  those  that  now  for  «. 
BQCoeesion  of  seasons  causa,  irom  time  to  time,  a  lem^xax^  %,^^vcl^:a 
oi  Hbe  gladen,  only  more  marked?    YTe  muBt  «C^on?,  oi  ^yyox^^^ 
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for  greater  differences  and  longer  internals  of  time  than  now 

obtain But  the  beds  of  stratified  sand,  gravely  and  bonlden 

overlying  the  lignite  are  more  likely  to  have  been  the  resnlt  of 

glacial  torrents  than  of  the  direct  super-position  of  the  ioe  whidi 

may  have  again  approached,  hot  is  not  proved  to  have  ever  coverad 

the  spot"^ 

{To  b§  conduied  in  our  Stptemhtr  KumAir,) 


II.-^NOTBS  ON  THS  "  PlSISTOOKHB  BbDS  ^  OF   GoZO. 

By  J.  H.  CooKB,  F.0.8. 

IN  the  year  1874  a  letter  signed  by  Messrs.  Feilden  and  Maxwell 
appeared  in  the  Maltese  Journal  "II  Earth/'  in  which  attention 
was  drawn  to  a  Post-pliocene  deposit,  said  to  have  been  found  in  the 
vicinity  of  Cala  Dueira  and  II  Eala,  in  Gozo. 

A  specimen  of  the  deposit,  together  with  a  number  of  shells,  that 
were  found  in  the  bed,  were  forwarded  to  Pro£  Seguenza,  who, 
after  having  examined  them,  expressed  an  opinion  that  the  discovery 
was  one  of  much  importance.  From  that  time  to  this  no  further 
attention  appears  to  have  been  paid  to  the  matter. 

During  the  latter  portion  of  the  summer  of  1890  I  was  engaged 
in  investigating  the  geology  of  the  Dueira  district,  and,  it  was  in  the 
course  of  one  of  my  expeditions  that  I  first  discovered  evidences  of 
the  bed  to  which  Messrs.  Maxwell  and  Feilden  had  alluded  seven- 
teen years  sgo. 

Cala  Dueira  is  a  small  bay,  which  is  situated  at  the  western 
extremity  of  Gozo.  Its  southern  and  eastern  shores  are  l)ounded 
by  mural  cliffs  of  Lower  Coralline  Limestone,*  that  tower  above  the 
level  of  the  sea  to  a  height  varying  from  150  to  200  feet. 

In  consequence  of  a  fault,  that  extends  from  Monsciar  at  the  head 
of  Wied-el-Arab  to  Dueira,  the  eastern  boundaiy  of  the  bay  has  been 
let  down,  and  the  cliffs  are,  therefore,  no  more  than  20  feet  high  in 
some  parts,  while  towards  the  west  the  strata  shelve  gradually  off, 
and  finally  disappear  in  the  sea. 

At  the  mouth  of  the  bay  there  is  an  outlier  of  the  Lower  Coralline 
Limestone,  which  is  known  as  the  "  Fungus  "  or  "  Generars  "  rock. 
It  cmce  was  apparently  a  continuation  of  the  now  depressed  northern 
boundary.  The  bay,  itself,  forms  the  embouchure  of  the  Dueira 
valley,  the  catchment  area  of  which  is  bounded  on  either  side  by 
a  fault  of  considerable  magnitude.  That  on  the  northern  side 
extends  from  the  "  General's  "  rock  to  the  northern  base  of  the  hill 
known  as  Ghar-Ilma.     The  down-throw  that  has  resulted  from  this 

>  Q.J.O.S.  1888,  pp.  402-3. 

'  The  following  table  shows  the  order  in  which  the  Maltese  formations  occur : — 


Dr.  Murray's 
Classification. 
I.  Upper  Coralline  Limestone. 
II.  Grven  Sands. 

III.  Clay  beds. 

IV.  Glooigerina  Limestone. 


Y.  Lower  Coralline  Limeatons.         \         N .  \A^«\An«a8«sttfe, 


\ 


Capi.  Spratt  and  Dr.  Adam*s 
Classification. 
I.  Upper  Coralline  Limestone. 
II.  Sand  bed. 
IIL  Marl  beds. 
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fnctnre,  has  depressed  the  area  to  the  south  of  it  to  ahoot  40  feet 
below  the  top  surface  of  the  Lower  Limestone  esoarpment,  that  lies 
exposed  along  the  line  of  fault. 

The  fault  on  the  southern  side  of  the  hay  extends  from  Dueira  ma 
Monsoiar  to  Miggiar  Scini,  and  the  result  of  its  fracture  haS  heen  to 
depress  the  area  to  the  north  of  its  line. 

The  accompanying  map  will  show  the  relative  positions  of  these 
two  faults,  and  the  e£feot  that  they  have  had  on  the  area  that  lies 
between  them. 


Map  op  a  Pabt  op  thb  Island  op  Gozo,  nbab  Malta. 

Explanation. 

ff.  Fpper  Coralline  Limestone ;    h.  Green  Sands ;   e.  Marl ; 

d,  Glooieerina  Limestone  ;  e.  Lower  Limestone ; 

/.  line  of  fault  which  has  disappeared  North  of  Ghar-Ilma  ; 

f,  line  of  fault  extending  to  Monsaar,  and  thence  to  Miggiar  Scini ; 

A.  Pleistocene. 

The  strata  that  have  thus  been  let  down  are  much  broken  and 
displaced ;  and,  on  the  southern  slope  especially,  there  are  several 
minor  faults,  all  of  which  wend  in  a  direction  that  is  at  right  angles 
to  the  main  fracture. 

The  beds  on  both  sides  of  the  valley  slope  at  varying  angles,  in 
many  cases  the  inclination  being  as  much  as  45°  and  even  60^  out 
of  the  horizontal.  The  beds  dip  inwards,  and  the  result  of  the 
•jiioUimI  depression,  which  has  thus  been  formed,  is  the  Dueira 

■»—  -^    *^   1  of  which  is  represented  by  the  trough  of  tli^  %^ii<cX\ii^. 


an  ;   vrilvw  cl^js,-  ao.l  ihe  i 
alung  ibe  eonthern  slopes. 

Fringing  the  npper  portio 
LimesUiDe  may  be  seen  marl 
geriiut  bedi  of  the  ondiaturbi 
depresaed  ttrea  beneath  iL 
between  the  depreaaed  are* 
distinctly  apparent. 

I  have  entered  ibna  into  i 
appears  to  have  formerly  exit 
this  part  of  Ibe  island.  Inateai 
to  the  Kanra,  the  Scini  Sclent 
simplj  a  depresaed  area,  which 
of  the  Btrata  on  either  side  of 
details  ghoald  be  carefnllj  oon 
sentalion  depends  the  evidence  1 
the  relationship  which  former! 
deposits  found  iu  tbe  valley  bel 
on  the  summit  of  the  slopes  abo 

It  waa  while  engaged  in  not 
tbe  geology  of  the  district,  as  i 
that  which  actoally  exists,  that 
bed  which  I  am  about  to  descri 

Starting  at  the  head  of  the 
month,  the  Glubigerina  strata 
valley  side  at  angles  of  var 
abruptly  towards  tho  i^~- 
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It  is  lenticnlar  in  sbapei  bat  breaks  off  abruptly  at  the  lower 
ide,  and  an  escarpment  is  thus  formed,  whioh  shows  the  maximum 
hiokness  of  the  bed  to  be  about  7  feet,  while  at  the  extremities  it 
bins  out  to  18  inches  and  a  foot 

Its  upper  surface  is  extremely  hard;  and  like  the  surfaces  of 
he  surrounding  strata,  it  has  been  considerably  honeycombed  and 
ilherwise  weather-worn. 

The  materials  of  which  it  is  composed  are  very  uniform,  both  in 
l^eneral  appearance  and  in  arrangement.  They  consist  for  the  most 
MTt  of  fine  detrital  matter,  the  product,  apparently  of  the  erosive 
iction  of  the  atmosphere  on  the  Upper  Goialline,  the  Oreensands 
ind  the  Globigerina  beds. 

The  deposit  is  divisible  into  two  well-marked  zones,  the  most 
persistent  features  of  each  of  which  are  the  irregularity  of  its 
divisional  planes  and  its  non-crystalline  character. 

The  top  zone  consists  of  an  impure,  perfectly  formed  limestone 
of  a  whitish  colour,  and  it  is  usually  overlain  by  a  thin,  stalagmitio 
layer  of  about  one  inch  or  less  in  thickness. 

'  A  chemical  analysis  showed  a  sample  of  this  bed  to  consist  of 
about  80  per  cent,  of  carbonate  of  lime. 

In  many  parts  of  the  bed,  minute  perforations  are  noticeable 
traversing  the  rock  in  all  directions.  They  vary  considerably  both 
in  length  and  in  the  diameter  of  the  bore.  None  of  them  exceed 
«^^th  of  an  inch  in  diameter,  while  nmny  of  them  are  much  less. 

These  capillary  tubes  often  play  an  important  part  in  determining 
the  direction  in  which  the  rock  cleaves.  They  are,  however,  not 
persistent  throughout  the  formation,  and  are  more  numerous  in  some 
parts  than  in  others. 

This  upper  division  of  the  deposit  is  very  fossiliferous ;  but, 
owing  to  the  imperfect  character  of  the  rock,  the  Mammalian 
remains  are  seldom  found  in  a  perfect  condition,  and  even  when 
found  entire,  they  are  often  so  rotten  that  they  fall  to  pieces  under 
the  slightest  pressure. 

Besides  large  quantities  of  land-shells,  and  mammalian  remains, 
the  teeth  and  vertebratsB  of  Sharks,  Echinoderms,  several  species 
of  Corals,  and  other  representatives  of  a  marine  fauna  occur.  All 
of  these  latter  have,  however,  been  derived  from  the  Globigerina 
Limestone. 

The  following  is  a  list  of  the  organic  remains  that  I  have  found 

in  this  bed. 

Marine. 
Two  teeth.      {Oxyrhina  hastiliij. 
One  tooth.       Oxyrhina  xiphodon, 

(Both  of  these  species  are  characteristic  of  beds  2,  3,  and  4.) 
Flabellum,  Zoantharia,  and  Corallines.     One  Echinoderm  (Schiz- 

fliier,  sp.). 

Land  bhblls.* 
ffelix  vermiculata  (Miill.)  (common).         Helix  virgata  ?  Mont. 
ffelix  pisana  (Miill.)  (common).  JUflix  caparata  ?  Mont. 

Sdix  wtriata  (Drap.).  Fomatias  melit^nsis  (Sow.). 

*  Kindly  identified  hy  Mr.  £.  A.  Smith. 
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In  the  washings  of  ahont  two  pounds  of  the  material,  the  foUowmg 
species  were  observed : 

OrMina  imtMrM,  d'Orb.  Tnmmfuimm  utuuruuu^  d'Oib. 

OloUfmimm  bnihidm,  Ifhitmrim  m.  f  (orokMi). 


CritMmim  sp.  P  JVMmctmi  Miqimirimim^  Be—,  (bnfai). 

Clavuiina  cyUndriM,  Htntken.  Many  fragmflofei  of  otlun. 

Of  the  land  shells  the  most  nomeroos  are  those  belonging  to  the 
HelioidiB. 

The  specimens  ate  always  found  in  an  excellent  state  of  preserra- 
tion,  and  in  some  cases  even  the  original  coloar  of  the  bands  being 
preserved.  Minute  specimens  of  Heliz  firgata?  appear  present  in 
the  greatest  abundance ;  and  by  washing  a  portion  of  the  deposit  in 
a  sieve,  considerable  quantities  of  them  may  be  obtained. 

Next  in  descending  order  occurs  a  layer  of  yellowish  grey  loamy 
earth,  but  the  transition  between  it  and  the  overlying  limestone  is 
so  gradual,  as  to  render  it  a  matter  of  considerable  diffionlly  to 
determine  where  the  one  ends  and  the  other  begins. 

Being  of  a  loose  texture  the  bed  easily  disintegrates,  and  thus,  by 
undermining  the  superincumbent  strata,  it  causes  portions  of  them 
to  break  away  from  the  main  mass  and  roll  down  the  slopes. 

This  loam,  like  the  overlying  limestone,  abounds  in  fossil  land- 
shells  ;  but  no  Mammalian  remains  appear  to  be  present  Water- 
worn  pebbles  of  all  shapes  and  sizes  are  to  be  found  interspersed 
throughout  every  part  of  the  bed ;  but  in  the  loam,  though  the^ 
are  more  numerous  than  in  the  indurated  rock  above ;  they  are,  in 
the  aggregate,  much  smaller.  An  examination  of  a  number  of  these 
pebbles  shows  that  they  have  been  derived  from  the  three  great 
limestone  formations  of  the  islands  (Beds  I.  IV.  and  Y.)  in,  approxi- 
mately, the  following  proportions : — 

Bed    I.  Upper  Limestone    10  to  16  per  cent. 

Bed  IV.  Globigerina  Limestone   50  to  70      „ 

Bed  V.  Lower  Limestone    20  to  30      ,, 

Black  Limestone      10  to  15      ,, 

All  of  these  pebbles  are  much  harder  than  the  rock  from  which 
they  were  derived;  and,  when  broken,  they  usually  present  the 
appearance  of  a  hard  external  ring  of  rock  of  a  semi -crystalline 
character,  within  which  is  encased  a  nucleus  of  limestone,  that  is 
similar  in  every  respect  to  the  rock  of  the  bed  from  whence  the 
pebble  bed  had  been  derived. 

This  change  in  the  external  part  of  the  pebble  is  apparently  doe 
to  the  infiltration  of  the  limewater,  which,  after  depositing  its  burden 
of  lime  in  the  interstices  of  the  stone,  slowly  evaporated,  and  thus 
leaves  the  stone  more  compact  and  of  a  closer  texture  that  when  the 
water  was  first  absorbed  in  it  The  same  phenomenon  is  observable 
wherever  the  Limestone  beds  of  the  Maltese  Series  crop  out  as  a 
surface  deposit 

Another  remarkable  feature  of  this  Pleistocene  bed  is  the  extra- 
ordinary quantity  of  Black  1j\wv^«\jcitv^ '^^:A:\«ft  ^XvcA.  occur  in  it. 
jYotwithstanding  a  diligent  soato\i  'm  VSaa  ^MfccvaN.  ^^xo^^V 
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nable  to  disoover  any  traces  of  a  formation  partaking  of  the 
thological  characteristios  of  these  pebbles,  to  whioh  they  might 
ave  been  referred. 

Proceeding  down  the  valley  in  a  westerly  direction,  foar  mounds 
f  bine  and  yellow  clay  (the  marl  beds  of  Spratt  and  Adams),  are 
3  be  seen  resting  conformably  on  the  southern  slope,  at  an  elevation 
f  about  20  feet  above  the  bottom  of  the  valley ;  and  in  two  cases, 
he  black  and  yellow  sands,  that  are  invariably  found  to  overlie  the 
tratum,  are  also  present. 

On  the  summits  of  these  olay-beds,  there  occur  other  patches  of 
he  Pleistocene  deposit;  but  unlike  those  portions  that  have  just 
>een  described,  these  are  not  in  «t<^,  but  have  been  formed,  ap- 
Mirently,  by  the  degradation  of  beds,  that  were  originally  deposited 
ligher  up  the  slopes.  The  materials  of  whioh  these  cappings  are 
»mposed  appear  to  differ  but  little  from  these  of  the  other  portions 
>f  the  bed,  save  in  the  total  absence  of  perfect  shells,  and  the 
X)mminuted  condition  in  which  the  fossil  bones  are  found.  Such 
ire  the  principal  characteristics  of  the  Pleistocene  deposits  that  are 
found  along  the  southern  slope  of  the  Dueira  valley. 

The  following  sketch  shows  the  relative  positions  of  the  subdivisions. 


4         •<• 

-   r^  *    * 


t    •   % 
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A.  OrejriBh,  non-crystalline,  slifbtly  indurated  limestone.     Helices  and  other  land- 

shells  occur  in  abundance  ;  out  no  Mammalian  remains  appear  to  be  present. 

B.  Limestone  of  a  similar  character  to  A,  but  interstratified  with  irregular  layers  of 

stalagmite.     These  layers  vary  from  ^  to  ^  of  an  inch  in  thickness. 

C.  A  layer  of  boulders  ana  pebbles,  all  of  which  have  apparently  been  derived  from 

be^  IV.  and  V.    Some  of  the  boulders  measure  eighteen  inches,  and  two  feet 
in  len^h  ;  and  all  of  them  are  rounded,  and  otherwise  much  water- worn. 

D.  Loam  mtermixed  with  quantities  of  smaller  pebbles.    Black  limestone  pebbles 

occur  in  this  layer  in  abundance. 
S.  A  yellowish  grey  loam,  similar  in  every  resptn^t  to  that  which  occurs  at  the  base 
of  the  other  deposits.     It  abounds  with  Helices  and  other  land-shells,  but  no 
Mammalian  remains  were  found  in  it 

If,  now,  the  road  which  winds  up  the  hill-side  towards  Gebel-ta- 
Ben-Giorgio,  be  traversed,  the  observer  will  pass  from  the  Globi- 
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one  of  the  depressed  diatrict,  aeroBS  tbe  line  of  fault 
Lower  LiraeBtone,  to  the  Globigerioa  above  it. 
It-hand  side  of  the  puthway,  thnt  tuob  through  Ihw 
1,  ami  at  a  distanoo  of  about  a  quarter  of  a  mile  from 
■other  remniuU  of  the  deposit  may  be  seen, 
■n  the  hill  s^in,  and  croaeing  to  the  northern  slopM 
mother  development  of  similar  accumutatione,  of  eveo 
will  be  met  with. 

bowever,  present  many  Rtrikinp  poinls  of  diBsimiUritT 
oppONit«  aide  of  the  valley.     Like  the  depofiitB  on  the 
tliey  extend  in  an  eaxt  and  weBt  direction,  and  lin 
on  the  Glubigerina  Limeaiune.     They  occupy  a  kind 
L   [he  hill-Gide,  and  towards  the  lower  boundary  they 
form  an  escarpment  of  from  G  lo  8  feet  in  height 
le  valley  from  the  Kaora  Gorge,  an  excellent  section 
to  be  met  with  about  150  yards  down  the  slope.     Its 
northern  boundary  of  a  field,  a  large  jrortion  of  the 
as,  apparently,  been  derived  from  the  deposit.     This 
the  bed  to  be  made  up  of  a  number  of  layers,  each 
rs  in  a  mOBt  marked  manner  from  Lhuae  above  aad 

■en,  therefore,  that,  though  agreeiuR  in  unine  resppcli 
tion  on  the  opposite  side  of  the  valley,  there  are  aI=o 
It  points  of  dissimilarity. 
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it  18  not  my  pnrpose  here  to  attempt  to  determine.  That  no  ordinary 
floods  Buoh  as  now  oooasionally  occur  in  the  winter  months,  effected 
the  work  of  erosion  in  the  Eaura  and  Dueira  districts  is  a  fact  that 
no  one  wonld  feel  inclined  to  dispute,  after  seeing  the  precipitous 
and  rugged  sides  of  the  Eaura  Grorge,  a  valley  of  erosion  that  lies 
a  few  hundred  yards  to  the  north  of  the  Dueira  valley.  The 
denuded  condition  of  the  surface  in  these  localities  points  to  the  action 
of  torrential  volumes  of  water ;  and  it  was,  probably,  to  the  occasioDal 
overflow  of  these  from  their  ordinary  channels,  combined  with  the 
transporting  action  of  the  rain  on  the  slopes,  that  the  deposits  that 
form  the  subject  of  this  article  owe  their  origin. 


m.— On  Orthockratitbs  vaginatus,  Sohlotheiv. 

By  Abthvr  H.  Foobo«  F.G.S. 
Royal  Dablin  Society. 

I  HAVE  lately  been  favoured  by  Dr.  W.  Dames  with  a  separate 
copy  of  a  communication  made  by  him  to  the  Neues  Jahrbuch 
far  Mineralogie,  etc.,^  dated  Berlin,  18th  December,  1890,  in  which 
he  points  out  that  in  my  Catalogue  of  Fossil  Cephalopoda,  British 
Museum  (Nat.  Hist)  part  i.  (1888)  I  have  (following  Eichwald') 
wrongly  referred  a  certain  "smooth"  species  of  Endoeerat  from 
Seval  in  Esthonia,  to  the  Orthoceratitea  vaginatua  of  v.  Schlotheim, 
— a  ribbed  species.  Dr.  Dames  states,  in  the  above  communication, 
that  he  was  asked  by  Dr.  Lindstrdm  of  Stockholm  (at  the  time 
when  the  latter  was  occupied  with  his  edition  of  the  '*  Fragmenta 
Silurica")  if  he  could  inform  him  to  what  species  v.  Schlotheim 
had  given  the  name  Orthoceratitea  vaginatus.  Dr.  Dames*  reply  to 
this  question  was  inserted  by  Dr.  Lindstrom  in  the  midst  of  a  very 
full  table  of  synonymy  of  Orthocera$  [^Endoceraa']  vaginatum,^  and  in 
that  rather  obscure  situation  it  escaped  my  notice.  The  reply  in 
question  was  to  the  effect  that  the  examples  of  v.  Schlotheim's  type. 
Bent  by  Dr.  Dames  from  the  Berlin  University  Museum  to  Dr.  Lind- 
Btroro,  were  without  doubt  v.  SchIotheim*s  species.^  The  latter 
(widely  distributed  in  Esthonia,  Sweden,  and  Oeland ')  has  more  or 

1  1891,  Band  i.  Zweites  Heft.  Breifl.  Mittheil  ii.  p.  210. 

'  Leth.  Roflsica,  1860,  toI.  i.  p.  1243. 

'  Fragmenta  Silnrica,  Angelin  and  Lindstrom.  1880,  p.  2. 

*  The  following  is  a  translation  of  t.  Schlotheim's  description  of  "  Orthoceratitea 
Ttginatus"  (Petrefactenkunde,  1820,  p.  63):— '*  Very  beautiful  and  instructive 
examples  from  Beval,  in  Ueberg.  Ealkst.,  some  part  still  in  the  matrix,  some  free, 
and  only  about  fiye  inches  Ion?  to  a  diameter  of  one  inch  ;  besides  separate  pieces  of 
its  remarkable  siphuncle.  Cl.  Enorr,  pt.  iii.  suppl.  t.  iyb.  and  Breynii  opuscula, 
t.  T.  f.  26.,  where  this  Orthoceratite,  together  with  its  elegant,  somewhat  cylindrical 
nphuncle  is  tolerably  well  portrayed.  The  length  and  thickness  attained  is,  it 
tnpears,  very  considerable,  wnilst  the  siphuncle  belonging  to  it  is  found  of  consider- 
able stoutness.  Its  relation  to  the  other  part  of  the  Orthooeratite  is  so  important 
that  it  almost  appears  as  a  part  of  the  shell -wall  of  the  latter.  It  runs,  moreoyer, 
elose  to  one  side  of  the  shell,  which  in  most  of  the  representations  of  it  is  not 
properly  indicated,  and  its  protuberances  haye  somewhat  of  a  screw  shape ;  yery 
ornamenral,  as  if  elaborately  designed.  The  shell  itself  is  very  distinctly  oblique, 
with  sharp,  somewhat  forwardly  projecting  lines,  striated  in  the  direction  of  the 
ehambers,  which  latter  are  bent  inwards  somewhat  stronger  towards  the  siphuncle.*' 

*  An  iolaiid  in  tho  Baltic,  off  the  east  coast  of  Sweden. 
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leds  distinct  transverse  costs,  and  is  also  coTered  with  oontpicaona 
transverse  strisd.  On  the  other  hand,  the  species  described  bv 
Eichwald  under  the  name  Orikocera$  oo^'tialtMi  (and  by  the  present 
ivriter  under  that  of  Endocerai  tfoginaium)  has  a  "smooth'*  test, 
numerous  chambers,  and  a  remarkably  luge  siphuncle,  larger  in 
fact  than  that  of  v.  Sohlotheim's  species.  Doubtless,  oontinaes  Dr. 
Dames,  Eichwald  was  led  into  this  error  by  v.  Sohlotheim's  citation 
of  a  figure  in  Breyn  (Dissertatio  physica  de  Polythalamiis,  etc., 
1732,  p.  36,  t,  y.  fL  1--4),  which  apparently  represents  a  smooth 
Ortkocerai,  Dr.  Dames  then  goes  on  to  say  that  the  specamens 
called  Orthoeeratites  vaginatua  by  y.  Schlotheim  himself  in  the 
paladontologioal  collection  of  the  Royal  Museum  of  Natural  History 
in  Berlin  are  all  typical,  well-preserved  specimens  of  Orikoceroi 
vagtnatum,  with  ring-like  swell ing^e  fooste],  and  distinct  strin. 
When,  observes  Dr.  Dames,  v.  Schlotneim  published  his  ''  Petre- 
factenkunde  "  [1820],  he  possessed  only  Esthonian  specimens ;  but 
later  on  he  received  several  from  Oeland,  and  as  they  were  identical 
with  the  others,  he  placed  them  in  the  same  species,  and  labelled 
them  accordingly.  In  the  Catalogue  of  Sohlotheim's  col  lection, 
printed  in  1832  (p.  32),  Oeland  is  mentioned  as  the  locality,  and 
the  quotation  from  the  '*  Petrefactenkunde "  has  been  added.  It 
therefore  appears,  says  Dr.  Dames,  that  in  his  reference  to  Breyn 
T.  Schlotheim  has  compared  a  species  with  Orthocera$  vaginatum 
that  has  no  connexion  with  it.  Concluding  his  remarks.  Dr.  Dames 
says  that  all  the  specimens  in  v.  Sohlotheim's  Collection,  which  he 
[v.  Schlotheim]  has  named  Orthoeeras  vaginatum,  belong  to  the 
8)iecie8  (recognized  as  such  by  all  authors  except  Eichwald  and 
Foord)  which  is  distingnished  by  its  transverse  ribs  and  strise. 

In  strict  equity  v.  Sohlotheim's  name  vaginatus  ought  long  ago  to 
have  been  superseded  in  favour  of  Hisinger's  trochlear€f  because  the 
former  was  admittedly  inadequately  described,  while  the  latter  wa^ 
not  only  described,  but  figured,^  in  an  intelligible  manner.  It  is  true 
that  Hisinger  had  an  inkling  of  the  form  to  which  v.  Schlotheim 
had  applied  the  name  Orthoceraa  vaginatum,  for  he  inserts  that  name 
(though  with  a  note  of  interrogation  after  it)  under  his  description 
of  Orthoeeras  trochleare.  That  v.  Schlotheira's  description  of  Ortho* 
ceras  vaginatum  was  unintelligible  even  to  those  who  had  abundant 
specimens  of  it  at  their  command,  is  clearly  proved  by  the  fact  that 
Dr.  Lindstrijm  was  obliged  to  appeal  to  the  type-specimens  in  Berlin 
t<>  ascertain  what  was  the  species  to  which  v.  Schlotheim  had  applied 
that  name. 

However,  in  deference  to  Dr.  Lindstrom's  authority,  added  to  the 
testimony  afforded  by  the  specimens  at  Berlin  under  the  care  of 
Dr.  Dames,  I  cannot  but  assent  to  the  adoption  of  Sohlotheim's 
name  for  the  species  in  question,  and  I  take  this  opportunity  also 
of  tendering  my  thanks  to  Dr.  Dames  for  pointing  out  the  error  into 
which  I  full  with  reference  to  Eichwald's  species.     On  comparing 

'  Tjctbfea  Suecica,  1837,  p.  2R,  Tab.  \x.  fte.  7.    The  name  Orfhocerat  [^Endorerax] 
tmeA^ear^  appears  to  have  been  ongvnaW'j  oeaXo^^  \i^  \iti\\a3Wk..    S«ft  HisiDger*d 
Antiecknmg2ii  i  Physik  och  Geognoaie,  toioW \ialtet,  \^^\^i^.  Vl,1«5a/\^,^.^, 
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a  speoimen  of  the  latter  in  the  British  Museum  with  the  Endocerda 
zaddachi  of  Sohroder/  I  can  see  no  reason  for  changing  the  opiniou 
I  formed  about  it  when  writing  part  i.  of  the  Catalogue  of  Fossil 
Cephalopoda,  yiz.  that  the  two  species  are  identical.  The  vaginaitia 
of  Eichwald  (non  Schlotheira)  becomes  therefore  a  synonym  of 
taddachif  Schroder,  and  not  vice  versa,  as  in  my  Catalogue. 


rV. — Physical  Studies  of  an  Anoibnt  Estuaky.* 

By  the  Rev.  A.  Ibyino,  D.Sc,  F.G.S. 

IT  is  needless  to  recapitulate,  for  the  information  of  the  readers 
of  the  Gbolooioal  Magazine,  all  the  incidents  which  are 
known  to  accompany  the  formation  of  new  land  by  rivers,  or  to 
repeat  the  descriptions  which  have  been  given  of  the  more  remark- 
able instances  of  them,  such  as  those  of  the  Nile,  the  Mississippi, 
the  Oanges,  the  Rhone,  the  Po,  and  the  Danube.  These  have  been 
Bcientifiofidly  discussed  long  ago,  by  Lyell  in  his  PrincipleB.  The 
object  of  this  paper  is  rather  to  suggest  how  a  careful  collation 
of  such  facts  as  may  be  learned  in  connexion  with  the  formation 
of  modem  deposits  at  the  mouths  of  great  rivers,  or  in  great 
estuarine  areas  (such  as  the  Wash),  which  receive  a  number  of 
streams  from  widely-extended  inland  catchment-basins,  may  throw 
light  upon  the  history  of  older  formations  of  the  same  kind,  and 
more  especially  of  those  of  Tertiary  times,  during  which  many 
important  changes  were  wrought  in  the  physiography  of  the 
continent  of  Europe. 

As  instances  of  the  work  done  by  rivers  in  making  new  land, 
especially  when  aided  by  tidal  action,  within  historic  times,  one 
might  cite  the  case  of  the  Po,  co-operating  with  the  Alpine  rivers 
which  come  down  from  the  Venetian  Alps,  forming  a  great 
series  of  lagoons  around  the  head  of  the  Adriatic  Sea,  or  the 
advance  of  the  land  upon  the  sea,  which  has  placed  the  town  of 
Bavenna  (a  sea-port  under  Augustus)  several  miles  from  the  shore  ; 
or  again,  the  proved  advance  of  the  delta  of  the  Rhone  upon  th^ 
Mediterranean,  which  has  been  found  to  place  the  Tower  of  St. 
Louis  a  league  or  so  further  from  the  shore  in  the  short  space  of 
a  single  century.  But  these,  and  such  cases  as  these,  are  hardly 
necessary,  when  we  have  here  in  our  own  Humber  the  formation 
of  Sunk  Island  within  the  course  of  a  few  centuries.  This  island 
(so-called)  is  probably  well  known  to  Yorkshiremen,  but  perhaps 
a  comparatively  small  number  of  them  are  aware  of  its  importance, 
from  a  geological  point  of  view,  as  a  testimony  to  the  work  done  by 
rivers  in  compensating  to  some  extent  the  work  of  degradation  and 
denudation  of  the  higher  parts  of  the  country,  which  is  ever  in 
progress,  year  in  year  out.  This  island  has  been  formed  by  the 
deposition  of  sedimentary  materials  by  the  rivers  Ouse,  Trent,  and 
Hull,  as  their  onward  flow  has  been  checked,  and  their  transporting 

.  ^  Schrift.  der  physikal-okonom.  Geeell.  zu  Eonigsberg,  Jahrg.  xzii.  Abth.  i.  p.  03, 
Ttf.  ir.  ff.  6,  a-d, 
*  Pltper  read  before  the  British  Aasooiation,  Section  C,  at  the  Leeds  Meeting,  1890. 
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ionately  leseened.  by  Ihe  con nter- force  of  the  tidea, 

1  estuary  of  the  Huniber;  a  prix^ss,  to  the  reality  of 
dredge'  employed  btare  testimony.  Thia  proceM, 
^nch  geologisiB  aptly  term  '  atterrisBement,'  is  well 

the  fact  that  Sunk  Island  (a  geDiiine  island  under 
n  just  raienig  its  head  above  the  water-lino)  preseoled 

an  area  of  1500  acres,  and  was,  even  then,  being 

cultivalion.  About  the  beginniDg  of  the  present 
eage  waa  doubled  to  3000  actually  under  cultivation; 
he  survey  returns  gave  between  6  and  7  thousand 
that  in  the  present  century  the  rate  of  alluTiRl  deposit 
is  greatly  increased.  The  raying  of  the  first  Napoleon 
laturally  belonged  to  France,  because  it  was  made  up 

a  French  liver  (as  he  considered  the  Hbine),  is,  I 
known. 

in  his  valnable  and  deservedly  popular  text-book  of 
logy  "  has  discussed  the  geological  principles  involved 
3n  of  a  great  series  of  estuarine  deposits,  with  ibeir 
ition  of  fresh- water,  brackish,  chemical  and  terrestrial 
ir  current -beddinjt,  and  the  wedge-shaped  interlacing 
on  of  beds  of  different  nnneral  composition.     Thia 

arises    fur   the  most  part  when   a  series  of  rivers 

of  connlry  of  different  litbological  character,  con- 
umon  estuary  ;  but  in  cases  where  tbe  deposits  have 
,  and  the  process  of  alter rissement  has  gone  on.  in  iha 

was     ) 

lies  y 

r  oil 
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water  shells  as  Paludina  are  also  foand.^  Now  the  Bagshot  Series 
do  not  present  us  with  quite  such  a  complex  of  alternating  conditions 
«s  is  recorded  in  the  Lignitiferous  Series  of  the  Soisonnais:  they 
rather  mark  a  progressive  series  of  changes  from  strictly  flnviatile 
eonditions  to  those  which  prevail  in  a  marine  estuary.  The  pAyatco/^ 
the  Btraligraphical,  and  the  palcBOtUological  lines  of  evidence  all 
agree  in  testifying  to  this  fact;  a  fact  that  can  only  be  satisfactorily 
explained  by  the  phenomenon  of  a  slow  subsidence  with  inter- 
mittent pauses  of  long  duration,  during  which  the  relative  levels 
of  sea  and  land  remained  pretty  stationary.' 

The  starting  point  in  the  investigation  of  tb0  physical  history  of 
the  London  Bagshots  was  the  discovery  of  the  orgimie  origin  of  the  v 
green  colouring  matter  which  is  so  commonly  found  in  these  sands  at  \ 
certain   horizons.     Various  salts  of  iron  are  formed  in  this  way, 
which  ultimately  break  up  by  exposure  to  atmospheric  oxygen; 
thtjir  non- metallic  constituents  are  jresolved  into  carbonic  acid  and 
water,  while  the  iron  is  precipitated  as  limonitio  mud.     So  com- 
pletely was  this  proved  to  be  a  true  process  of  nature,  that  I  was 
able  to  make  it  the  basis  of  a  process  for  the  purification  of  water 
contaminated  by  dissolved  vegetable  matter,  for  which  a  patent  was 
granted  me  in  the  year  1885.    Not  only  limonite  but  iron  pyrites 
is  formed,  the  latter  by  the  sulphur,  furnished  by  the  decay  ofy 
v^etable  albuminous  matter,  attacking  iron.     Both  these  mineral^ 
are  of  very  oommon  occurrence  in  the  Lower  and  Middle  Bagshot 
strata ;  and  both  serve  as  cementing  material  for  nodulee  which  we 
frequently   meet  with  both  in  the  sands  and  in  the  more  sandy 
varieties  of  clay.     Even  lignite  in  a  fragmentary  state  is  not  un<* 
^mmon,    reminding  us  of  the  great  brown-coal  deposits  of  the 
Continent  of  about  the  same  age. 

I'he  limonite  is  deposited  in  large  and  small  concretionary  masses, 
and  sometimes  in  continuous  layers,  resembling  in  every  way  that 
which  is  dredged  up  from  the  Swedish  and  Canadian  lakes,  to  be 
utilized  as  iron-ore;  the  excellent  quality  of  Swedish  iron  being 
largely  due  to  the  fact  that  a  pure  chemical  precipitate  of  iron  oxide 
is  thus  made  the  basis  of  its  manufacture.  As  there  the  conditions 
of  primeval  forest  prevail  over  a  large  proportion  of  that  Archasan 
region,  and  the  decay  of  forest  litter  furnishes  the  acid  solvents  for 
the  leaching-out  of  iron  from  the  rocks,  the  iron  being  precipitated 
as  the  water  undergoes  oxygenation  in  the  shallow  lakes ;  so  here 
in  this  ancient  Eocene  delta  vegetation  has  by  its  decay  furnished 
the  solvents ;  the  same  cycle  of  change,  and  the  same  laws  of  nature 
have  been  in  operation.  As  solvents,  too,  of  silica  in  the  presence 
of  strong  bases,  these  organic  acids  may  have  played  their  part  in 

*  See  Prof.  Stanislas  Meunier,  "Lea  Causes  Actuelles  en  G^ologie/'  pp.  269,  270. 

*  I  may  be  allowed  to  refer  to  a  sketch  in  a  popular  form,  of  what  I  conceiye 
to  have  been  the  outline  of  the  history  of  the  Thames  fiaain,  as  I  put  it  forward  in 
a  lecture  last  winter,  a  summary  of  which  appeared  in  **  Science  Gossip'*  for  May 
and  June,  1891.  I  should  like  to  draw  particular  attention  to  the  many  points  of 
limilarity  between  the  conclusions  I  have  arrived  at  as  to  the  Tertiary  history  of  this 
part  of  England,  and  those  arrived  at  by  Prof.  Sacco  of  i'urin,  as  to  the  Po  Basin. 
(See  **  Bull,  de  la  Soc  Beige  de  G^ologie,  etc.,  tome  iv.  1890.) 
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qoettioii.  I  wm  able  to  csubiiih 
■ODple  pieoe  of  laboratorr  worli 
■Mterial  of  the  Lower  CUik  was 
Mate  aoHie  acid.  The  materia] 
tliii»  mtil  BO  farther  eactpe  of  ei 
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water,  to  form  a  thin  film  of  par 
filmj  depoaita  of  pipe-daj  whi 
Saada.     What  a  feeble  onrani'* 
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establisbed  by  more  extended  observations  is  that  a  pure  massive 
clay  deposit  is  found  only  in  the  Middle  beds,  and  that  the  conditions 
favourable  to  its  deposit  were  feebly  anticipated  in  the  upper 
horizons  of  the  older  fluviatile  sands;  and  were  feebly  repeated  in 
places  in  the  earlier  stages  of  deposition  of  the  younger  Upper  Sands. 

In  the  Quart  Joum.  of  the  Geol.  Soc.  for  August,  1887,  I  have 
given  many  of  the  results  of  my  studies  in  the  Bagshots,  not  the 
least  interesting  being  the  discovery  of  Freshwater  Diatoms  in  some 
of  these  beds.  In  a  later  number  of  the  same  Journal  (May,  1888) 
I  have  pointed  out  that  the  prevalent  rounded  form  of  the  grains 
of  sand  in  the  greenest  beds  points  to  their  having  suffered  a  vast 
amount  of  sdolian  attrition,  in  the  shifting  of  sand-dunes  by  the 
wind,  before  they  were  deposited  in  the  lagoons,  in  the  same  manner 
as  is  now  going  on  on  some  parts  of  the  shores  of  the  Baltic.  To 
this  kind  of  evidence  we  may  now  add  the  frequent  occurrence  of 
thin  beds  and  laminas  of  very  pure  clay  in  the  very  heart  of  these 
green -earth  beds,  where  they  are  most  fully  developed,  telling  us 
of  the  still  waters  of  the  deeper  portions  of  these  lagoons,  never 
raffled  by  the  wildest  storms,  too  deep  as  yet  to  allow  of  the  growth 
of  the  vegetation  which  lined  their  margins  and  covered  the  inter- 
vening swamps.  We  can  even  in  some  cases,  with  the  data  now 
to  hand,  measure  the  rate  of  the  thinning  out  of  the  green-sand  series 
as  well  as  of  the  Lower  quartz-sands,  and  thus  at  the  same  time 
approximately  map  the  original  outlines  of  some  of  the  lagoons,  as 
well  as  measure  roughly  the  amount  of  local  and  contemporaneous 
subsidence  which  the  underlying  clays  suffered.* 

In  the  former  paper  referred  to  (1887)  I  ventured  to  suggest  a 
natural  classification  of  the  beds  of  the  Bagshot  Series  of  the  London 
Basin  into — 

a).  An  Upper  Marine-estuartne  Series  ; 

h).  A  Lower  Fresh-water  Series  of  riverine,  delta,  and  lagoon  origin  ; 
in  the  place  of  the  more  empirical  division  into  Upper,  Middle  and 
Lower,  which  is  of  no  importance  except  for  cartography,  and 
even  there  is  often  as  misleading  as  not. 

The  fact  that  occasional  fossiliferous  bands  or  zones  are  met  with, 
and  that  some  of  the  forms  bespeak  a  marine  habitat,  no  more  proves 
the  marine  origin  of  this  complex  of  sands,  green-earths,  and  clays 
than  the  marine  shells  found  driven  some  miles  inland  by  a  great 
sooth- westerly  gale  in  the  Rhone  Delta '  prove  the  marine  origin  of 
its  beds ;  it  might  as  well  be  argued  that  the  Goal-measures  were 
a  "  marine  series "  because  of  the  occurrence  at  certain  horizons  of 
the  well-known  '*  mussel-band,"  or  even  of  occasional  lines  of  real 
marine  shells.  Colonies  of  creatures  of  a  more  or  less  marine 
character  doubtless  established  themselves  here  and  there  in  the 
more  saline  parts  of  the  lagoons,  and  in  the  Bagshot  beds  these  are 
preserved  usually  as  casts  in  the  cemented  sand ;  but  in  the  rare  cases 
in  which  actual  shell-structures  have  been  preserved,  it  is  certainly 

*  Perhaps  the  Norfolk  Broads  present  some  analogy  to  the  conditions  which 
prevailed  in  this  old  Tamisian  estuary  in  later  Eocene  time. 

*  Described  by  Lyell  iu  tiie  ''  Principles." 
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true,  as  far  as  my  obserYations  have  gonei  that  they  an  vrabh 
''broken,  worn,  and  even  oommiDated : "  for  one  even  tolenUy 
perfect  shell  there  are  haodreds  of  fragments  of  shelly  dAfiif 
speaking  to  as  eloquently  enough  of  their  drifHng  inland  from  tias 
to  time  from  the  uater  marine  area.  Some  of  the  little  Oyaten 
0.  flabellmUi)  found  for  example  at  Tateley,  were  ao  mnoh  abraded 
that  it  was  only  after  comparing  them  with  many  forma  in  the 
Jermyn  Street  Museum  (with  Mr.  Newton's  kind  help)  that  I  cooU 
oonvinoe  myself  of  their  specifio  identity. 

Thb  Uppkb  Sands. 

Messrs.  Gardner,  Keeping,  and  Monokton,  in  a  recent  paper/ 
state  that  "the  beds  [of  the  Upper  Bagshot],  and  what  can  atiU  bs 
recognized  of  their  fauna,  aro  such  as  might  have  been  formed  ia 
an  open  sea  of  considerable  depUu"  But  this  statement  amounts  ta 
very  little,  because,  so  far  as  the  fauna  is  concerned,  there  is  nothing 
inconsistent  with  the  view  that  the  molluscan  forms  which  th^ 
have  tabulated  might  just  as  well  have  been  left  by  oreatnrea  whi<A 
inhabited  a  shallow  salt-water  estuary.  Tlits  will,  I  think,  be  clesr 
to  any  one  who  will  take  the  trouble  to  work  through  their  list  with 
tlie  aid  of  such  a  reliable  work  as  Woodward^s  *' Manual  of  the 
Mollusca."  That  they  are  right  in  correlating  the  Upper  Sands  of 
the  London  Basin  with  the  Barton  of  the  Hampshiro  Basin  is  very 
probable;  indeed,  my  own  studies,  whioh  have  proceeded  rather  on 
physical  and  stratigraphical  lines,  have  led  me  to  the  same  ooo- 
clusion  as  that  at  which  they  have  arrived ;  namely,  that  the  break 
postulated  at  the  base  of  the  Upper  Sands  is  in  reality  veiy 
inconsiderable.  So  far  from  requiring  any  great  length  of  time  to 
convert  this  Eocene  delta  with  its  swamps  and  lagoons  into  a  tidal 
arm  of  the  sea,  we  know  that  such  changes  may  take  place  without 
any  great  draft  on  the  bank  of  geologic  time,  seeing  that  within 
a  1000  or  1500  years  the  swamps  and  lagoons  of  the  Yssel, 
through  which,  Tacitus  tells  us,  Germanicus  led  his  forces  against 
the  immortal  Hermann,  have  all  disappeared  beneath  the  waters  of 
the  Zuyder  Zee ;  while  several  hundreds  of  squaro  miles  of  HoUaod 
at  the  present  day  are  only  preserved  from  permanent  submei^genos 
by  artificial  barriers.  Of  the  comparative  rapidity  of  this  later 
subsidence  of  this  Eocene  area  we  have  evidence  in  the  strata 
themselves.  It  is  only  by  such  an  encroachment  of  the  sea  that 
we  can  give  a  rational  account  of  the  Bagshot  pebble-beds,  which 
recent  researches  have  established  as  an  important  fact  of  Bagshot 
stratigraphy.  These  beds  vary  in  thickness  from  a  few  inches  to 
five  feet  or  moro.  lliey  are  composed  of  well-rolled  flint-pebbles 
derived  entirely  from  the  Chalk  strata,  which  must  have  enclosed 
this  Eocene  area  of  deposition  on  the  south  and  the  north-west.  It 
may  be  assumed  that  no  rivers,  that  could  have  drained  this  Chalk 
area  in  Eocene  times,  even  when  all  allowance  is  made  for  its 
quondam  extension,  could  have  manufactured  such  vast  quantities 
oF  rounded  pebbles  out  of  angular  flint  fragments  as  we  fiud  sealed 

»  See  Q..3  .G .S.  no\,  i\ri .  ^.  %V^,  V^^. 
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up  in  the  Bagshot  Beds  over  a  large  extent  of  country  in  the  Basiu 
of  the  Thames.  We  must  look,  therefore,  to  the  action  of  a  tidal 
Burf  as  the  only  efficient  agency.  We  know  hy  direct  ohservation 
how  the  hardest  rook-fragments  are  converted  into  smooth  pehhles 
hy  grinding  along  a  shore-line  under  the  influence  of  tides  and 
storms ;  and  we  have  plenty  of  instances  of  the  way  in  which  such 
pehhles  are  piled  up  into  '  Chesil-banks '  along  the  seaward  margins 
of  deltas.  Even  the  form  of  the  pebbles  themselves  testifies  to 
Uiis  as  their  true  history ;  the  discoid  form  which  they  frequently 
acquire  (as  may  be  seen  on  the  coast  of  South  Devon,  at  Weyboum 
on  the  Norfolk  coast,  or  on  the  *  Ghesil-bank '  at  Portland),  being 
reproduced  in  the  flint-pebbles  of  our  Bagshot  Beds.  In  one  of  the 
most  massive  pebble-beds  the  pebbles  are  so  commonly  of  a  smooth 
discoidal  shape  that  I  have  seen  numerous  heaps  of  these  picked 
out  from  the  pebbles  that  have  been  used  in  making  a  new  road.^ 
Now  when  we  recollect  that  the  facts  cited  tell  us  of  shore-action 
upon  a  Chalk  shore-line,  there  is  no  difficulty  in  conceiving  how 
the  waters  of  the  Eocene  sea  may  have  pursued  their  destructive 
work  upon  the  Chalk  of  the  east  of  England,  as  it  extended  in  all 
probability  at  that  time  much  further  to  the  north  and  east. 

When  the  last  great  stage  of  subsidence  of  the  area  set  in,  the 
pebbly  shingle  accumnlated  in  the  way  here  indicated  would  be 
driven  inland,  strewn  over  the  original  delta,  and  swept  in  places 
along  its  margin  into  such  shelves  or  banks  of  shingle  as  we  actually 
find  along  the  northern  margin,  as  far  as  we  have  been  able  to  trace 
it.  Nor  do  we  suppose  that  there  was  anything  of  a  cataclysmic 
nature  in  this ;  for,  though  the  most  general  distribution  of  pebbles 
is  at  the  base  of  the  Upper  Sands,  this  change  did  not  come  on  all 
At  once,  as  we  know  from  the  fact  that  other  and  less  widely  dis- 
tributed pebbly  deposits  occur  mixed  up  with  the  green  earthy  sands 
of  an  earlier  stage  at  their  uppermost  horizon.  Again,  of  the  52 
species  of  Mollusca  given  by  the  authors  quoted  above  as  found  in  the 
Upper  Sands  some  deduction  must  be  made  on  account  of  the  very 
imperfect  way  in  which  they  have  been  preserved  (merely  casts  for 
the  most  part  in  sand  cemented  together  with  peroxide  of  iron) ; 
and  of  the  residuum,  as  many  as  ten  are  represented  by  their  generc^ 
and  two  at  least  by  their  species  in  the  preceding  Middle  Group. 
These  facts  seem  to  warn  us  against  postulating  any  very  con- 
siderable temporal  break  between  the  two  series.  That  the  most 
massive  banks  of  pebbles  are  found  towards  the  western  portion  of 
the  area  would  seem  to  follow  as  a  natural  result  of  the  narrowing 
of  the  area  towards  the  west,  and  consequently  greater  driving 
power  of  the  tides,  as  their  velocity  increased  with  the  narrowing 
of  the  area  over  which  they  were  driven. 

It  was  this  subsidence  of  the  area  into  a  marine  estuary  which  no 
doubt  furnished  the  sandy  and  muddy  bottom  on  which  most  of  its 
fauna  passed  their  existence ;  nor  do  I  think  that  there  is  any  real 

*  Pebbles  of  this  form  are  frequently  used  for  rough  paving-work,  in  this  part  of 
•the  conotrr,  just  as  the  great  market-place  of  NottinfiVvttm  \&  m\e^  V\^  wvwsXKt 
pebbles  collected  from  the  drift  of  the  Trent  valley.     TVie  ^\io\e  ol  >i>2i«k  ixt^^Xa  ^ 
jfonrieh  were  thoB  formerly  paved  with  pebbly  ixom  t>he  Bo>>\dsi-^\&1  %s^\^rii\». 
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1  for  the  liypothesis  tlmt  tlie  Upper  Sands  were  onoe 
iils  aa  tbo  more  clayey  Barttui   badB  of  Hnnipshire. 
H  of  '  decalcificiiliou '  may  be  run  too  haxA.     We  must 
insist  upon  proof  of  tlie  faot  being  given  in  any  case 
itg  it  as  Hn  explnnnlion.     In  the  case  before  us  n-e  can 
rfecliy  well    how  Btmonpheric  waters,   oliargpd   with 
is  futniahed  by  the  decay  of  foreat-litter  in  this  area 
jst-kiid  have  firet  taken  np  iroD  in  the  Bands  to  form 
r.itoiiile,  and  then,  on  coming  into  contact  with  the 
"d  in  the  Bands,  have  by  a  simple  chemical  reaction  or 
'  acids  and  bases  substituted  for  the  carbonate  of  lime 
ron,  to  be  subsequently  broken  up  by  the  oxidation 
to  the  peroxide,  which  gives  the  pseudomorphic  casta 

shells.'    1  have  not,  after  ninch  study  of  the  question, 
jubt  that  this  is  the  true  history  of  these '  irony  casts ' ; 
at  the  direct  action  of  merely  carbonated  atmospheric 
1  very  litile  to  do  with  their  prwluolion. 
<[i  with  these  Upper  Sands  space  prevents  me  from 
Hmo  lo  draw  attention  to  the  fact  that  there  are  I 
in   places  of  their  beds  having  been  formed  by  the 

of  the  sand-dunes  of  the  earlier  deltaio  stage;  the 
i]g  been  stored  up  to  a  large  estant  during  the  long 
■d   by   that   singe,   and  only  needing  redistribution  by 
give  us  in  part  ihe  present  beds  of  the  Upper  Sands. 

Ceol  „cad.mVelVmFiX 
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I  am  indebted  to  Mr.  B.  T.  Omond,  Director  of  the  Ben  Nevis 
Mervatory,  for  the  only  information  I  have  been  able  to  obtain 
itb  reference  to  this  earthquake.  '*  It  was,"  he  says,  "  sufficiently 
rong  to  make  part  of  the  wooden  roof  creak,  but  was,  as  far  as 
know,  not  noticed  in  any  other  part  of  the  country."  The  few 
qniries  that  I  have  been  able  to  make  confirm  this  remark,  and  I 
link  we  may  therefore  conclude  that  the  epicentrum  cannot  have 
}en  very  distant  from  Ben  Nevis.  The  great  fault,  which  crosses 
x>tland  from  Inverness  in  a  south-westerly  direction,  passes  at  the 
irface  within  a  short  distance  from  Ben  Nevis;  and  being,  in 
her  parts  of  its  course,  closely  associated  with  recent  earthquakes, 
ay  possibly,  by  a  slip,  have  given  rise  to  the  Ben  Nevis  shock. 
In  connexion  with  this  earthquake  may  be  mentioned  a  slight 
lock  felt  on  June  19,  1889,  at  7h.  40m.,  at  Invergarry,  a  place 
5  miles  N.E.  of  Ben  Nevis,  and  also  close  to  the  same  great  line 
f  fault.  Mr.  John  Grant,  of  Invergarry,  was  kind  enough  to 
)nd  me  a  note  of  this  shock,  and  also  a  list  of  several  others 
lit  between  Jan.  1,  1888,  and  Jan.  19,  1890.  I  have  followed  the 
lie  laid  down  by  the  Swiss  Seismological  Commission,  of  not 
*eating  as  undoubted  earthquakes  those  which  rest  on  the  authority 
r  one  observer  only ;  but,  at  the  same  time,  I  think  it  is  evident, 
:om  the  opportunities  which  Mr.  Grant  has  had  for  these  obser- 
ations,  that  this  is  a  somewhat  exceptional  case.  I  add  here  his 
st  of  the  earthquakes  felt  at  Invergarry  during  the  year  1888,  as  it 
as  an  obvious  bearing  on  the  seismic  history  of  the  district : 

1888. 

Jan.  5,  5h.  30m.,  four  vibrations,  strong  enough  to  shake  lamps, 
iahes,  etc.     (Intensity  IV.) 

Feb.  2,  5h.  5m.,  one  vibration,  like  the  passing  of  a  heavy 
arriage.* 

Feb.  29,  20h.  10m.,  one  vibration,  like  a  carriage  passing. 

March  1,  9h.  15m.,  the  same. 

April  4,  9h.  and  llh.,  like  a  light  carriage  passing. 

May  20,  18h.  10m.,  the  same. 

July  3,  14h.  30m.,  the  same. 

Oct.  22,  13h.  25m.,  the  same. 

4.  KiNTYRK  Eabthquakb:  July  15,  1889. 

Time  of  occurrence,  about  18  h. ;  Intensity,  V.  Epicentrum,  about 
}  miles  S.E.  of  Clachan. 

Disturbed  area, — I  have  only  succeeded  in  obtaining  records  of  this 
bock  from  eight  places;  but  the  information  received  from  these 
nd  other  places  is  sufficient  to  enable  the  boundary  to  be  drawn 
rith  a  fair  approach  to  accuracy.  Thus,  the  shock  was  not  felt  at 
!ampbeltown  or  Southend,  nor  on  the  west  side  of  the  ridge  of 
righa  Island.  In  Arran,  the  Kev.  J.  Johnstone  informs  me,  it 
was  felt  from  Pionmill  right  by  the  Crawhill  and  Lochranza, 
assing  through  the  glen  that  enters  Lochranza  ftonv  SwaxvoTL^ 

^  This  earthquake  was  felt  over  the  greater  part  oi  iioi\i\ifinv  ^^>2iKQ^. 
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m  ia  OxtB  roughly  elliptical ;  tts  lon^r  Axis,  in 

■bout  N.  30°  E.  and  8.30°  W.,  being  about  25  milw 

lBl]ort«r  axis  about  18  miles.    Ilie  whole  area  <listurbfd, 

p  covered  by  tiie  sea.  is  ab»ut  350  square  miles.    The 

B  disturbed  area  correKjnnils  tu  an  isoseiBmal  lioe  of 

?  SAoct.— From   the  few  reoorda   I  pOHsew  on  thii 

Beem  tlint  the  shock  consisted  of  only  one  ribratioD; 

I  motion,  either  before  or  aRer  the  shock,  being  noticed 

§-Tbe  estimotes  of  the  duration  are  fairly  concorSsnt. 
have  been  not  more  thaa  two  to  three  seconds  at 
several  seconds  at  Kilberry  ;  two  eeconda,  or  perbapi 
ranza;  aud  not  more  than  four  or  five  second*  at 
s  there  was  only  one  vibration  noticed,  it  is  probable 
mates  iiiolude  also  the  duration  of  the  sound  that 
10  shock. 
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ok  was  felt  at  those  places.     But,  at  the  other  six  places 

on    the    map,   the   charaoteristio  earthquake- sounds   were 

They  were  compared  to  the  movement  of  heavy  articles 

Iture  overhead  (Glen  Saddell  and  Eiliean),  the  passage  of 

ehicles  (Eilberry  and  Lochranza),  a  strong  blast  of  wind  up 

aney  (Gigha),  and  a  cartload  of  stones  being  suddenly  emptied 

I.     The  sound  is  said   to  have  accompanied  the  shock  at 

y,  and  to  have  preceded  it  at  Glen  Saddell  and  Lochranza. 

ton  of  the  Epicentrum  and  Oeological  RefatianB. — ^The  centre 

listurbed  area  is  about  3^  miles  S.E.  of  Clachan.     That  the 

ake  can  have  had  no  connexion  with   the  great  southern 

-y  fault  of  the  Highlands  is  evident  from  the   distance  of 

centrum  from  the  continuation   of  the   line  of  this   fault. 

Lapworth,  F.R.S.,  has,  however,  been  good  enough  to  give 

following  note  on  the  possible  geological  relations  of  this 

ake. 

)  geological  structure  of  this  district  shows  that  between 
yne  and  its  prolongation.  Loch  Killisport,  there  is  a  band  of 
aterial  more  or  less  unaltered.  A  corresponding  band  occurs 
Tinge  of  the  Highland  district,  running  from  Stonehaven  to 
.  and  Rothesay.  Between  these  two  well-marked  lines  of 
es  a  great  area  of  gneiss.  The  relation  of  the  gneissic  rocks 
slaty  rocks  is  disputed ;  by  some  it  is  suggested  that  the 
3  rise  in  an  anticlinal  form  from  below  the  schists;  by 
that  the  gneisses  lie  on  a  synclinal  formed  of  the  slates, 
•parent  dips  of  the  metamorphic  strata  make  the  latter 
station  the  simpler  and  more  probable  one  to  geologists 
ned  to  lowland  areas.  If  we  recollect,  however,  that  the 
ids  are  actually  a  denuded  mountain  complex,  it  becomes  far 
obable  that  this  apparent  synclinal  is  actually  a  fan-structure 
•ted  anticlinal,  as  suggested  in  my  paper  on  "  The  Secret  of 
hlands."^  If  this  is  the  case,  the  slipping  and  movements 
by  lateral  pressure  will  take  most  effect  along  the  two  planes 
ary  motion  running  midway  between  the  crest  of  the  main 
d  its  bounding  synclines.  Curiously  enough,  the  line  of 
n  of  the  axis  of  the  disturbed  area  coincides  precisely  with 
)retical  position  of  the  southem  zone  of  contrary  movement, 
assumption  that  the  gneisses  form  an  inverted  anticlinal." 
niiies, — The  only  published  account  of  the  earthquake  that 
met  with  is  contained  in  the  ''Oban  Times"  for  July  20; 
im  indebted  to  the  courtesy  of  the  Editor  of  this  paper  for 
ig  his  files  and  sending  me  the  extract  referred  to.  For 
it«r  part  of  the  information  on  which  the  above  account  is 
,  I  have  to  thank  the  following  gentlemen :  the  Revs.  J. 
ne  (Lochranza,  Arran),  D.  N.  Macdonald  (Killean),  J.  F. 
zie  (Gigha),  and  H.  W.  Strang  (Campbeltown) ;  Mr.  R.  A. 
(Gigha) ;  and  especially  Mr.  J.  N.  Macleod  of  Kinlarbert  and 
,  without  whose  aid  the  account  of  this  eailhc^vx^VL^  >nq\5\.\ 
en  much  more  imperfect  than  it  is. 

G£OL.  Mao.  Dec.  IL  Vol,  X.  pp.  120-8,  193-7,  331-4^  VV^^^^- 
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5.  East  Cobbwall  Eabthqvaks:  Oct.  7»  1889. 

Time  of  oooamnoe,  aboat  ISh.  45iii.;  IntmwHj,  IV*  EpioeBtnB. 
about  2f  miles  S.W.  of  AlUrnon. 

Disimrhed  Area, — All  the  planef^  24  in  nvmber,  •t  whidi  the 
earthquake  is  recorded  as  having  been  felt,  are  indoded  within  aa 
area  which  is  roughly  elliptical  in  form.  Hie  laiger  aziSi  whieh 
runs  nearly  east  and  west,  is  aboat  25  miles  in  length,  the  shorter 
axis  about  20  miles,  and  the  whole  area  disturbed  about  400  sqoiis 
The  curre  bounding  this  area  is  sn  isoseismal  of  intensity  lY. 


E.Ccmwrill  :Earth^u(ike  :  Ocf?Z  /SS9, 

Nature  of  the  Shock. — The  accounts  of  the  shock,  though  few  in 
number,  are  sufficient  to  indicate  roughly  the  way  in  which  the 
nature  of  the  shock  varied  throughout  the  disturbed  area.  We  may 
divide  the  observations  into  two  groups.     In  the  first  we  have  : 

Altarnon  :  a  distinct  rumbling  was  heard,  as  if  the  chimney  were 
on  fire  or  a  heavy  waggon  passing  up  the  road ;  very  little  if  any 
perceptible  vibration. 

^orth  Hill :  a  sound  'heard  a^  Wow^  ^Q\si<&thing  had  stniok  the 
rvall  of  the  Louse,  and  "tWn  t\i^  w>\x\id  ««fe\£v^\ft^'^'w^»^  \hfl 
back." 
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St  Clether :  like  a  distant  peal  of  thunder  or  the  passing  of  a  very 
heavy  loaded  waggon ;  no  tremors  perceived. 

Temple :  like  the  rambling  of  thander  for  a  few  moments,  fol- 
lowed by  a  tremulous  motion. 

Tren^loss :  a  loud  rambling  noise  like  thunder ;  no  tremuloaa 
motion  perceived. 

With  the  exception  of  Laneast,  from  which  I  have  no  detailed 
aooount,  these  five  places  are  nearer  to  the  spot  indicated  as  the 
epioentrum  than  any  of  the  others  from  which  records  have  been 
received.  From  this  point,  Altamon  is  distant  2f  miles,  North  Hill 
6,  St  Clether  4,  Temple  4,  and  Trenegloss  6^  miles. 

The  second  group  includes  places  in  the  neighbourhood  of  the 
boundary  of  the  disturbed  area : 

Bodmin :  as  if  some  person  were  walking  with  a  heavy  tread 
three  or  four  steps  overhead. 

Boscastle :  two  distinct  shocks  are  said  to  have  been  felt 

Liskeard:  (1)  as  if  a  heavy  substance  were  thrown  violently  on 
the  floor  of  the  adjoining  room  and  also  against  the  partition  dividing 
the  two  rooms,  tremulous  movements  before  the  shock;  (2)  one 
sadden  crash  like  an  explosion,  no  tremulous  motion  perceived. 

North  Petherwin :  a  slight  vibration  like  that  produced  in  a  house 
by  the  passage  of  a  heavy  waggon. 

St.  Breward :  like  that  produced  by  a  cart  passing  along  the  road 
at  the  back  of  the  house. 

Warleggan :  as  if  something  very  heavy  had  fallen  in  the  house 
with  great  violence,  followed  by  a  tremulous  motion. 

From  these  accounts,  we  may  conclude  that,  in  the  neighbourhood 
of  the  epioentrum,  the  sound- vibrations  were  most  noticeable,  but 
that  these  died  out  more  rapidly  towards  the  boundary  of  the 
disturbed  area  than  the  vibrations  of  longer  period,  and  near  the 
boundary  the  shock  was  felt  as  one  or  several  thuds,  or  vibrations 
of  much  larger  amplitude  than  those  which  preceded  and  followed 
them. 

Duration. — ^The  duration  of  the  shock  is  variously  estimated  at 
from  two  to  about  twenty  seconds.  Thus,  at  Liskeard,  according 
to  one  account,  it  is  said  to  have  been  more  than  two  seconds, 
according  to  another  about  fifteen  seconds;  a  tremulous  movement 
before  the  principal  vibration  being  included  in  the  latter  estimate. 
Other  observations  give  about  2  seconds  at  North  Petherwin,  about 
8  at  St  Clether,  3  or  4  at  Temple,  4  or  5  at  Warleggan,  10  to  20  at 
Trenegloss,  and  12  to  20  at  St  Breward. 

Intensity, — Throughout  the  disturbed  area,  the  intensity  seems 
to  have  been  remarkably  uniform,  indicating  probably  a  great  depth 
of  the  seismic  focus.  According  to  the  Bossi-Forel  scale,  the 
intensity  was  lY.  at  the  following  places :  Bodmin,  Camelford, 
Liskeard,  Newport  (near  Launceston),  St.  Breward,  Temple, 
Trenegloss,  Tresmere,  and  Trevalga.  It  may  have  been  slightly 
greater  than  IV.,  though  probably  not  as  great  as  V.,  at  Altamon, 
St  Clether,  and  Warleggan :  and  perhaps  ttUgViU^  \e^%  >(\i«SL  Y^ 
At  NoHh  Bill 

DECADE  111. — \0h.    nil, — NO,    VIII.  *i«^ 
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—  The   BOunda  accompanying  the  eartbqnalcB 

[ady  alluded  to :   they  form  perhaps  its  most  noto- 

They  eeem  to  have  been  of  the  usual  descriptioD, 

I  to  thunder,  to  heavy  waggons  passing  rapidly  along 

I,  and  to  the  roaring  of  a  chimney  tin  fire.     At  tho 

J  the  sound  is  said  to  have  accompanied  (he  ahook: 

iBreward,   St  Clelher,  Temple  and  Trenegloaa.     It 

at  North  Petherwin,  and  perhaps  also  at  North 

At  Warleggan,  the  rumbling  Bound  was  heard 

|hock,  "  as  if  a  waggon  had  run  away  down  the  hill 

:  it  increased  in  sound  and  then  appeared  to  me 

I  train  goinf;  through  a  station The  mmbling 

L'uptly."    At  Liekeard,  it  preceded  the  shock;  but 
Bondent  at  the  same  place  inrorma  me  that  it  was 
ind  after  the  ahock,  both  times  very  low,  but 

te-Bounds  were  heard  at  all  places  from  which  I 
le  sound  area  and  the  disturbed  area  may 
I  been  coexlenhive,  or  nearly  so.     Further,  since  the 
ist  notable  part  of  the  phenomenon  near  the 
I  place  like  Liskeard  near  the  boundary  of  the 
e  only  heard  by  a  few  persons,  we  may  conclude 
md  diminished  more  rapidly  than  that  of 
B  distance  from   the  epicentrum  increases;  and,  con- 
ind-focuB  was  nearer  to  the  surface  thai 
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Mrs.  L.  Davy  (Tresmere),  Miss  F.  E.  Jenkin  (Liskeard),  Mr.  W.  E. 
Parsons  (St.  fireward),  and  Miss  L.  Thome  (Liskeard). 

Doubtful  Eabthquakks. 

1.  Invergarry,  June  19,  1889,  7h.  40m.  (see  p.  866). 

2.  Little  Rhondda  Valley  (South  Wales),  Jane  22,  1889,  abooi 
22h.  30m. ;  intensity,  Y. 

A  shock,  supposed  to  be  that  of  an  earthquake,  was  felt  at  this 
date  in  and  near  the  Little  Ehondda  Valley.  The  area  disturbed  by 
it  was  very  small,  probably  not  more  than  a  few  miles  in  its  greatest 
diameter.  It  was  felt  at  Llwynypia,  Pontygwaith,  Tylorstown, 
Watts  Town,  Ynishir  and  Ystrad. 

The  disturbance,  which  lasted  a  second  or  two,  consisted  of  one 
vibration,  and  at  Ynishir  is  described  as  having  been  like  the  shock 
of  a  blasting  explosion,  but  much  stronger.  It  W6is  accompanied 
by  a  deep  rumbling  noise,  like  distant  thunder,  at  Llwynypia, 
Pontygwaith,  and  Watts  Town.  The  intensity  was  IV.  at  Ponty- 
fi^waith,  but  cannot  have  been  less  than  V.  at  Llwynypia  and 
Ynishir.  The  shock  was  felt  by  workmen  underground  in  the 
Ynishir  Steam  Colliery,  and  in  one  or  two  other  collieries  in  the 
adjoining  district 

lliis  is  all  the  evidence  I  have  been  able  to  obtain,  and  I  do  not 
think  it  is  sufficient  to  put  beyond  doubt  the  seismic  origin  of  the 
Bhock.  For  so  small  a  disturbed  area,  the  intensity  is  unusually 
great,  arguing  a  very  small  depth  for  the  centre  of  disturbance ;  and, 
besides  this,  the  mining  operations  of  the  district  are  being  carried 
on  so  rapidly  and  extensively  that,  from  time  to  time,  considerable 
masses  subside,  occasionally,  it  is  said,  causing  tremors  very  like 
those  of  an  earthquake. 

ilii/Aort(te«.—" Nature,"  vol.  40,  p.  208;  "South  Wales  Daily 
News  "  (Cardiff),  June  24,  1889.  For  other  information  contained 
in  the  above  account,  I  beg  to  thank  Mr.  W.  Galloway,  Mr.  J.  J. 
Thomas,  of  Ynishir,  and  Mr.  R.  E.  Hood,  of  Oilfanh. 

3.  Lyme  Regis,  July  5,  1889,  between  23h.  and  28h.  15m. 

Noises  were  heard  at  intervals  between  the  times  stated.  They 
''consisted  of  a  distant  rumble  which  grew  nearer  till  at  last  the 
windows  of  the  houses  rattled  and  in  some  cases  distinct  vibrations 
of  the  houses  were  felt."  They  were  probably  not  caused  by  the 
firing  of  guns  at  sea :  and  they  may  have  been  due  to  earthquakes, 
though  the  evidence  is  clearly  incomplete. 

This  note  is  taken  from  a  letter  by  Mr.  A.  E.  Sharpe,  in  Nature, 
vol.  40,  p.  294. 

CONOLUSION. 

With  one  possible  exception  (that  of  Ben  Nevis),  the  earthquakes 
of  1889  are  typical  examples  of  British  shocks — they  occurred  in 
districts  where  earthquakes  are  rarely  felt,  and  their  disturbed  areas 
are  circular  or  only  slightly  elliptical  in  form.  Turning  to  a  more 
distinctly  seismic  area,  Switzerland  for  example,  we  find  that  t\vA 
disturbed  areas  are  often  extremely  elongated,  \,\\^  \ow\yst  ^ta» 
being  parallel  to  those  of  the  neighbonnng  KV^va^  dti»si\  ^^^t^- 
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tre  frequent,  their  intensity,  an  a  rule,  is  greatfr.  ud 
reaa  are  disturbed.     Different  stages  in  the  geolc^cal 
istrict  are  characterized  bj  different  kinds  of  earth- 
Alpine  system  is  not  yet  old,  fault-forroalion  is  still 

ain,  we  meet  with  a  later  stnge.     Fault- formation  in 
rea  in  more   advanced,  and   slipping  takes  place  w 
er  distances  so  sborf,  that  our  eorlfaquakea  are   rare 
disturbed  by  them  more  or  less  circular  in  form, 
in  the  proiKss,  however,  requires  investigation,  and 
onr   British    earthquakes   are   witDese    is    certainlj 
attentive  study.     Unattractive  though  it  may  be  at 
epoch  immediately  preceding  the  death  of  a  mountain- 
iHt  as  interesting  to  the  geologist  as  the  more  vigorow 
^u  and  growth. 

Ebrata  in  thk  Maps. 

„    GeorgiB,            „     Gorgio. 
,.    Cnmehsll,         „     Cuiriehill. 
hire  enrthnuaVe :    „    Tonitridire.         ,,     I-oneridM, 
„     Mihnrow,           „     Milnraw. 
„    Hsrwioh,           ,.     Horwioh. 

,,     (Slucliflu,             „      Clflohnn. 
.lie  I.aiienshire  eartliniiiike,  the  nulermosl  i^f  the  two  BmnlleT  cirtU 
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it  in  this  form :  because  the  glaciers  of  the  Alps  in  Pleistocene 
times  extended  some  distance  beyond  the  base  of  the  mountains, 
those  of  the  Himalayas,  if  they  existed,  should  have  done  the  same. 
Surely  no  one  can  contend  that  the  glaciers  of  the  Alps  must  descend 
to  the  sea-level  at  the  present  day  because  those  of  weenland  do  so. 
But  the  difference  in  latitude  between  the  Himalayas  and  the  Alps 
is  practically  the  same  as  that  between  the  Alps  and  Greenland. 

But,  Mr.  Howorth  urges,  there  was  a  great  sea  in  Central  Asia 
in  Pleistocene  times,  and  consequently  Himalayan  ice  would  have 
transported  glacial  dibria  beyond  the  mountains.  I  dispute  both  the 
fact  and  the  inference.  Even  if  there  was  a  greater  ice-accumu- 
lation (and  I  think  I  have  shown  that  there  was),  it  does  not  at  all 
follow  that  this  would  have  reached  plains,  but  little  above  the  sea, 
within  from  26  to  84  degrees  of  the  Equator.  With  regard  to  the 
Central  Asiatic  sea,  of  course  there  was  a  considerable  tract  covered 
with  water  in  late  Tertiary  and  probably  in  Pleistocene  times  in  the 
Caspian  and  Aral  area.  But  this  area  was  I  believe  then,  as  it  is 
now,  cut  off  from  Tibet  and  the  Himalayas  by  the  great  ranges 
extending  from  the  Pamir  through  the  Thian-Shan  to  the  Altai,  and 
surrounding  Easteiii  Turkestan  on  the  West  and  North.  As  to 
great  lakes  having  occupied  the  depressions  of  Eastern  Turkestan, 
the  Gobi,  etc.,  I  can  only  say  that  I  once  mistook  similar  plains  in 
Persia  for  lake-basins,  and  have  seen  reason  to  believe  I  was  in 
error.  The  occurrence  of  salt  lakes  and  salt  plains  merely  indicates 
the  almence  of  drainage,  and  is  by  itself  no  proof  of  the  former 
occupation  of  any  area  by  the  sea.  The  horizontal  or  nearly 
horizontal  beds  supposed  by  many  observers  to  be  marine  or 
lacustrine  are  probably  similar  to  those  found  throughout  the  drier 
regions  of  Central  Asia,  and  due  purely  to  the  wash  of  detritus  from 
the  hills  into  the  plains  by  rain  and  melting  snow,  where  the  whole 
rainfall  is  insufficient  to  form  rivers  and  to  wash  away  the  accumu- 
lations, all  the  water  evaporating  within  the  plains  themselves. 
With  the  coarser  beds  fine  Eolian  deposits  are  associated.  I  do  not 
wish  to  appear  dogmatic,  but  after  having  had  better  opportunities 
than  fall  to  the  lot  of  most  European  geologists  of  studying  the 
subject,  I  am  unable  to  attach  any  value  to  the  evidence  brought 
forward,  although  I  fully  acknowledge  how  strong  that  evidence 
appears  at  first  sight  by  admitting  that  I  was  at  one  time  led  away 
by  it 

Of  the  two  quotations  from  my  contributions  to  the  Manual  of 
Indian  Geology  that  are  adduced  as  supporting  Mr.  Howorth's 
views,  the  first,  and  the  first  part  of  the  second,  do  not  appear  to 
me  at  all  favourable  to  his  theory.  Surely,  to  say  that  '*  a  move- 
ment has  been  distributed  over  the  Tertiary  and  post-Tertiary 
period,  and  a  great  portion  is  of  post- Pliocene  date,"  is  not  the  same 
as  to  say  that  the  whole  movement,  or  even  the  greater  part  of  the 
movement,  is  post-Pliocene  ;  nor  is  the  argument  that  *'  at  the  close 
of  the  Miocene  period  no  such  mountain  barrier  as  exists  at  present 
separated  the  Indian  Peninsula  from  Central  K%W^  e^xN^^'oX  \a 
Baying  that  the  barrier  was  wanting  at  ttie  o\o»b  ol  ^'^  "^^MiRW^* 
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'  my  remarks  aa  to  the  post-Siwalik  elevation  of  tlie 
u,  however,  is  a  fair  Lit,  and  shows  how  thorooghJy 
has  collected  the  testimony  in  favour  of  his  viewn, 
pears  to   have  overlooked  the  footnote  (on  p.  oStJ] 
he  words  quoted,  and,  to  some  osleut,  qualifying  the 
ed.  as   it   called  altention   to  the  gi'eator  area  ont-a 
HinialayiHi   ico.     The  explaiitilioti,    however,    of  my 
led  what  I  now  think  waa  probably  an  incorrect  view 
t  at  that  time  1  had  only  the  evidence  concerning  the 
Hundes  that  was  obtained  by  Falconer  and  Strachey. 
ler,   in  1881.  found  that  one  of  the   best-preserved 

lateau,  and  only  livinj;;  at  high  elevations,  the  whole 
materially  changed.     The  question  now  is,  whether  it 
that  Pantholops  inhabited  a  low  level  or  an  unknown 
igh  one.     Of  course,  where  Yaks  can  find  food,  there 
hy  a  Ebinoceros  should  not  obtain  subsistence. 
I  call  attention  to  the  fact  that  far  from  attempting  to 
ole  evidence  as  to  the  elevation  of  the  Himalayas.  I 
d    two   items,  one  to  prove  the  insufSciency  of  the 
jht  forward  by  Mr.  Howorth,  the  other  to  show  the 
had  overlooked,  both  items  belonging  to  one.  and.  iu 
(  no  means  the  most  itiiporlant  part  of  the  geological 
rely  to  show  how  wide  the  question  is,  I  should  like 
rsnke  the  happy  hunting  grounds  of  Geology  for  those 
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It  18  useless,  I  fear,  to  discnss  the  other  statement  traversed, 
"whether  the  oontours  of  the  Himalayas  are  due  to  freshwater 
denadation;  and  we  must  oontinue  to  differ.  But  I  must  saj 
that  I  still  thiuk  a  personal  aoquaintanoe  with  the  Himalayas 
would  give  a  very  different  idea  from  photographs  and  drawings 
of  picturesque  hits.  The  splintered  precipices  referred  to  hy  Mr. 
Ho  worth  are  prohahly  due  to  the  effects  of  frost;  and  however 
common  in  the  higher  Himalayas,  especially  where  glaciers  exist 
now,  or  existed  formerly,  are  not,  I  think,  prevalent  in  the  lower 
valleys.  If  it  he  transcendentalism  to  refer  to  the  denuding  action 
of  rain  and  streams,  valleys  and  ridges  which,  however  gigantic,  are 
the  exact  counterparts  in  form  of  those  seen  in  a  hank  of  clay  after 
exposure  to  a  season's  rain,  how  should  the  reference  of  such 
eontours  to  an  unknown  agency  be  fitly  designated  ?      ^ 
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I. — Db.  Anton  Fbitsoh  on  Paljbozoio  Elasmobeanoh  Fishes. 

« 

^' Fauna  deb  Oaskohle  und  drb  Kalkstbinb  deb  Pebmfobmation 
BdHMXNS."  By  Dr.  Anton  Fbitsoh.  Baud  II.  Heft  IV.  (pp.  93* 
114,  Pis.  806.-90) ;  Band  IH.  Heft  L  (pp.  1-48,  Pis.  91-102). 
4to.     (Prague,  1889-90.) 

THE  two  latest  parts  of  Dr.  Fritsch's  well-known  work  on  th# 
Permian  Vertebrata  of  Bohemia  form  one  of  the  most  im* 
portant  contributions  to  our  knowledge  of  the  PalsBozoic  Elasmo* 
branchs  that  have  hitherto  appeared.  A  fine  Dipnoan  skeleton  is 
first  described  and  figured  under  the  name  of  Ctenodue  tardus,  as  a 
supplement  to  the  preceding  part;  but  with  the  exception  of  the 
two  pages  and  one  plate  devoted  to  this,  the  whole  of  the  instalment 
is  occupied  with  what  the  author  terms  the  "Ordnung  Selachii.'* 
Following  ancient  custom,  the  Holocephali  are  included  in  the  group 
thus  designated  in  the  preliminary  remarks;  and,  for  the  purposes 
of  the  memoir,  the  Plagiostomi  are  subdivided  into  the  four ''  tribes  '* 
of  Squalides,  Xenacanthides,  Acanthodides,  and  Bajides. 

Of  the  *'  Squalides,"  or  ordinary  Sharks,  only  a  single  tooth  has 
yet  been  found  in  the  Bohemian  Gas-coal.  This  tooth  is  hybodont 
in  form,  and  receives  the  name  of  Hyhodus  veatitu$.  The  determin- 
ation, however,  falls  under  the  same  category  as  the  author's  now- 
abandoned  statement  concerning  the  occurrence  of  a  Permian  species 
of  Ceratodus ;  and  it  by  no  means  proves  the  downward  range  of 
the  Mesozoic  genus  Hybodus  into  the  Palaeozoic  formations.  As  in 
the  case  of  the  Dipnoi  and  the  Pleuracanths,  detached  teeth  of  the 
hybodont  Sharks  are  worthless  for  generic  determination. 

Of  the  *'  Xenacanthides  "  only  the  single  family  of  ''Xenacanthidse'* 
18  recognized ;  but  why  the  author  should  depart  from  the  ordinary 
Bystem  of  nomenclature,  and  not  derive  the  title  of  this  fiimily  from 
its  type-genus  Pleur acanthus,  it  is  difficult  to  understand.  The  three 
genera  Orthacantkus,  Pleuracanthus,  and  Xenacanthus  %.t^  t^^\\^^  ^& 
gaJte  distinct,  and  iie-defined  upon  the  baaia  ol  \]ici^  Xkibs*  1&0(i<^\£cs»scl 
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vpeoimens.  The  oharaoters  of  the  teeth,  dorsal  spine,  of  the  denticles 
upon  the  branchial  arches,  and  of  the  pectoral  fins,  are  quoted  as 
diasrnostic ;  while  of  Pleuracanthus  and  Xenacanthue  the  materials 
suffice  to  justify  the  two  restorations  reproduced  throagh  the  courtesy 
of  Dr.  Fritsch,  on  the  opposite  page. 

As  in  Britain,  OrthocarUhue  is  only  known  in  Bohemia  from  com- 
paratively fragmentary  remains.  To  it  are  referred  (i.)  rounded 
spines  having  posteriorly  placed  denticles ;  (ii.)  large  teeth  with  a 
relatively  small  median  denticle;  (iii.)  clustered  branchial  tubercles; 
and  (iv.)  long  pointed  pectoral  fins  without  homy  fin -rays.  Four 
Bohemian  Permian  species  are  determined,  and  a  fifth  (0.  aenken* 
hergiantut)  is  briefly  described  from  the  oorresponding  horizon  of 
Lebach.  Even  yet,  however,  the  genus  is  far  from  being  satisfactorily 
diagnosed :  and  with  reference  to  the  dentition,  we  venture  to  think 
that  it  would  not  be  difficult  to  cite  more  than  one  British  specimen 
proving  the  occurrence  in  one  and  the  same  mouth  of  the  two  forms 
of  teeth  which  Dr.  Fritsch  regards  as  characteristic  of  Orthaeanihus 
and  Pleuracanihua  respectively. 

Some  brief  remarks  on  three  undetermined  lohthyodorulites  follow 
the  account  of  Orthaeanthuef  and  bear  the  newly-applied  generic 
names  of  Tubulacanihus,  Brachiaeantkus,  and  Plaiyaeanthue.  These 
names  may  be  only  provisional,  but  we  would  remark  that  the  first 
is  an  inadmissible  hybrid,  while  the  two  latter  are  pre-occupied. 

The  sections  devoted  to  Pleuraeanthus  and  Xenaeanthus,  with  the 
general  conclusions  resulting  from  the  study  of  these  types,  make 
a  most  important  advance  in  our  knowledge  of  the  group  to  which 
they  belong.  As  will  be  observed  in  the  author's  restored  figures 
of  the  two  genera  (Figs.  1,  2),  Pleunuanthue  is  a  somewhat  more 
slender  fish  than  Xenaeanthus,  and  differs  considerably  in  the 
character  of  the  fins;  in  the  former  genus  there  are  no  dermal 
skeletal  parts  and  the  pectoral  fin  is  much  elongated,  whereas  in 
the  latter  genus  dermal  fin-rays  are  conspicuous  and  the  pectoral 
is  comparatively  short  and  broad.  The  cavity  in  the  dorsal  spine 
is  also  described  as  relatively  smaller  in  Pleurneanthue  than  in 
Xenaeanlhua.  Four  Bohemian  species  of  the  former  genus  are 
determined,  and  short  notes  follow  on  the  German  P.  aessilis  and 
the  French  P.  Qaudryi ;  while  of  XenaearUh%u  the  type-species 
X  Decheni  is  regarded  as  the  sole  known  representative.  Numerous 
detailed  descriptions  with  beautiful  figures  of  various  parts  of  the 
skeleton  appear  in  connection  with  the  several  species;  and  the 
systematic  work  concludes  with  a  chapter  of  general  observations 
on  the  organization  of  the  Pleuracanth  fishes  as  now  known. 

The  results  are  briefly  summarized  in  the  following  statement : 
The  skin  in  these  fishes  was  destitute  of  scales ;  the  cartilaginous 
skeleton  exhibits  everywhere  a  granular  calcification ;  the  skull 
consists  of  a  continuous  piece  of  cartilage,  without  investing 
membrane  bones ;  the  nuchal  spine  is  fixed  upon  a  papilla  of  the 
cranial  roof,  and  is  not  connected  with  a  fin ;  the  axial  skeleton  of 
the  trunk  is  notoobordal,  with  a  caloifioatioti  o?  \\i^  ^iwvVwiX  ^\^%\ 
the  neaml  arcbea  are  strongly  developed,  ani.  m  Vr^  ^\i^x^  ^^^t^ 
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cartilages  ;    there  are  aeven  branchial  arches ;  tka 
is  omparable  to  a  branchial  aroh  ;  the  paireil  fini 

iloped  tri>m  a  eerieB  of  parallel  raj's,  and  the  joinU  of 
ave  arisen  partly  by  thickeiiing,  partly  by  the  fusion 
ning  rays  ;  there  are  no  pelvic  elements,  the  so-call»i 
!  the  bosipterygiiira  ;  the  claepera  of  old  males  are 
e  of  existing  Sharks,  and  there  are  also  the  same 
0  aged  feTnales  ;  the  oval  eggs  have  a  strong  capsule. 
a,  Dt.  TritHch  finds  the  nearest  living  allies  of  the 
ilies  in    the  remarkable  family  of  Notidanidte,  and 
ible  "  Slammbaum  "  to  show  the  ancestral  posiiion  in 
d  place  them.     Few  who  closely  study  the  evidence 
lODvinced  of  the  reason ablenesa  of  this  arrangement; 
y  will  doubtless  be  disposed  to  follow  the  Professor 
n  teres  ting    theoretical    excursus    on    the    origin    and 
F  the  paired  flns.     Recent  discoveries  compel  us  lo 
vord  of  caiitioo,  namely,  that  it  is  rash  to  assome 
;roup8  higher  than  the  so-called  "UriiBche"  retaining 
parallel  disposition  of  the  cartilaginous  raya  in  the 
rhe  fidhes   with  a  Cladodont  dentition  lately  made 
Newberry  from  the  Lower  Carboniferous  of  Ohio 
es  of  CtaJodua  Eepleri  and  C.  Fyleri,  seem  to  have 
iiobraiiohs  ;   but  their  pectoral   fins  are  not  "  archi- 
ve sense  of  Gogenbnur's  tenninologr,  and  appear  to 
o^egmenfe^arjUeMjar^loweve^^ 
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attaining  a  knowledge  of  the  anceBtry  of  Fossil  Birds  was  destined 
never  to  be  gratified.  But  in  1861  a  split  slab  of  Lithographic 
Limestone  was  discovered  at  Eichstadt  near  Solenhofen,  in  Bavaria, 
in  the  Lower  Eimeridgian  formation,  showing  a  nearly  entire 
skeleton  and  impressions  of  the  feathers  of  what  was  at  first  supposed 
to  be  a  Eeptile,  but  afterwards  proved  to  be  a  remarkable  long-tailed 
Bird,  with  twenty  slender  caudal  vertebrso,  each  joint  having  a  pair 
of  feathers,  one  feather  on  each  side.  Twenty  years  later,  a  second 
specimen  was  discovered,  identical  with  that  described  by  Prof, 
Owen  in  1862,  but  in  some  respects  more  complete,  from  which  we 
learn  that  the  jaws  were  armed  with  from  ten  to  twelve  teeth  in  the 
pre-maxillary  border  on  each  side,  and  three  or  more  teeth  in  the 
lower  jaw  also ;  the  teeth  were  conical  and  apparently  planted  in 
distinct  alveoli.  The  three  metacarpals  and  the  phalanges  of  the 
fingers  were  fi-ee  and  were  armed  with  strong  recurved  claws  like 
those  of  a  Lizard's  fore-limb.  This  singular  creature  is- at  present 
the  earliest,  as  it  is  also  the  most  generalised  bird  with  which  we 
are  acquainted  ;  the  sternum  was  well  developed,  and  probably 
provided  with  a  carina :  indeed,  from  the  characters  of  both  the  fore- 
and  hind-limbs,  we  are  justified  in  concluding  that  Archaopteryx  was 
a  perching,  flying,  Garinate  type  of  Bird ;  it  is  the  only  representative 
of  a  distinct  order,  the  SAURURiB. 

After  another  interval  of  ten  years,  two  other  types  of  toothed 
Birds  were  discovered  by  Professor  Marsh  in  North  America :  one, 
the  Ichthyomis,  being  a  bird  of  powerful  flight,  with  biconcave 
vertebrsB :  the  other,  Hesperomtg,  had  a  perfectly  flat  sternum,  and 
was  a  large  flightless  aquatic  Bird,  probably  resembling  the  Loons 
and  Grebes  in  structure.  These  American  birds,  however,  are  from 
the  Upper  Cretaceous  of  Kansas,  and,  although  of  Secondary  age,  are 
much  younger,  and  morer  specialized  types  than  the  ArchaopteryXf 
which  is  of  Upper  Jurassic  age. 

Previous  to  these  discoveries  it  had  been  supposed  that  the  great 
group  of  running  Birds,  such  as  the  Ostrich,  Rhea,  Emu,  Cassowary, 
and  Apteryx,  represented  the  earliest  types  known ;  and  seeing 
also  that  these  Ratite,  or  raft- breasted  flightless  birds,  have  been 
found  in  a  fossil  state  in  England,  France,  India,  Madagascar,  New 
Zealand,  Australia,  and  America,  it  was  only  natural  to  connect 
them  with  the  still  earlier  discovery  of  Bird -like,  bipedal  impressions 
met  with  so  abundantly  upon  the  slabs  of  Triassic  sandstone  in  the 
Connecticut  Valley.  I'hese  are  now,  however,  commonly  attributed 
to  the  huge  Dinosaurian  reptiles,  whose  remains  have  of  late  years 
been  met  with,  both  in  N.  America  and  in  Europe,  many  of  which 
evidently  progressed  upon  their  hind-legs  only,  and,  having  the  same 
number  of  toe-bones  as  a  bird,  might  have  left  similar  foot-prints. 

Of  the  other  early  remains  of  Birds  known  in  a  fossil  state,  by  far 
the  greater  part  are  in  an  extremely  fragmentary  condition.  Thus 
the  Enaliornis  Barretti,  from  the  Cambridge  Greensaud,  is  founded 
upon  an  isolated  fragmentary  bone,  the  tarso- metatarsus.  The 
Odontopteryx  ioliapica  is  founded  on  an  imperfect  skull  from  the 
London  Clay  of  Sheppey,  was  considerably  larger  than  that  of 
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,  wliich  bad  the  raari;in8  of  the  bones  of  IwLh  tb» 
er  jaws   cnaraeiy  serrated,  and  was  no   doubt   also  4 
t^   Hird,      Nuniei-oiiB    remains   of  carinate    Birds  are 
:lie  Collection  by  detached  bones  from  various  localities 
111!  of  Tertiary  age,  aud  many  of  them  referred  to 

deposit  on  Funk  Island  off  the  coast  of  Newfoiind- 
Jl    the  buneti  with  the  esoeption  of  the    phalangei 

this  is  one  of  a  dozen  or  more  individuals  found  by 

Milne.  F.R.S. 

iiost  impocLaut  part  of  the  Colleotion,  if  wo  except 
•IX.  consists  of  the  remains  of  the  Katite  Birds,  the 
[adagascar  being  represented  by  two  s))ecieB.  namely, 
iiista  of  the  femur,  the   tibio-tarans,  and    the  tarso- 
!S,  reproduced  from  types  in  the  Paris  Museum;  the 
tunl   bone,  and  an  entire  egg.  36  inches  iu  longest 
by  30-3  inches  iu  girth ;  and  M.  mediut.  an  egg,  30-3 
)Bt  oircnmferenise.  and  2(i-3  inches  in  girth. 

Ostrich  (Stritthio  Atialteat),  from   the    Pliocene  of 
[ills,   is  represented  by  a  conjoined  mass  of  bones, 
le  cervical  vertebrte  in  natural  juxtapoaition,   some 
*  of  the  wing,  and  the  distal  portion  of  the  risht 
w.  together  with  the  greater  portion  of  the  proximal 
the  third  di'^it  in  sppoaiiiou  with  the  latter.     The 
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aot,  18  that  of  the  old  proverh,  that  *'  Birds  of  dL  feather  flook  together." 
Bot  the  evidence  of  identity  is  by  no  means  conclusive,  and  it  seems 
hard,  therefore,  on  Sir  Richard  Owen  to  wipe  out  his  specific  name 
with  a  .feather J  he  having  been  the  original  describer  of  the  almost 
entire  skeleton. 

Too  maoh  praise  cannot  be  accorded  to  the  Trustees  of  the  British 
Musenni,  Natural  History,  for  authorizing  the  publication  of  the 
long  series  of  Catalogues  of  Recent  and  Fossil  forms,  in  the  Collec- 
tions under  their  control,  and  we  earnestly  trust  that  the  work  may 
he  continued  until  all  the  groups,  both  of  Vertebrate  and  Invertebrate 
Hfe,  have  been  similarly  recorded  and  illustrated. 

III. — Mb.  G.  a.  Boulenobr  on  Extinot  Rbptilia.^ 

MR.  BOULENGER  contributes  three  papers  of  much  palsdonto* 
logical  interest  to  the  June  number  of  the  Proceedings  of  the 
Zoological  Society.  The  first  deals  with  some  fragmentary  Eocene 
Chelonian  remains;  the  second  and  third  relate  to  taxonomic  questions 
of  wide  importance. 

During  an  examination  of  the  reptilian  fossils  in  the  Museum  of 
the  Royal  College  of  Surgeons,  Mr.  Bonlenger  met  with  a  skull  of 
Trionyx^  apparently  from  the  well-known  Upper  Eocene  formation 
of  Hordwell  Cliff,  and,  if  so,  proving  that  the  species  represented 
is  a  typical  member  of  the  genus.  The  skull  much  resembles 
that  of  the  existing  T.  hurwniy  and  it  is  provisionally  referred  to 
T.  planus  (Owen),  of  which  the  shell  is  also  closely  paralleled  by 
that  of  the  recent  species  just  mentioned.  A  Sheppey  fossil  in  the 
same  collection,  described  by  Owen  as  *Mhe  lower  or  distal  end  of 
the  tympanic  bone  of  the  Crocodilua  ioliapicuSt**  is  shown  to  be  the 
proximal  end  of  the  left  humerus  of  an  Athecan  Turtle,  evidently 
Eoaphargia  gigas ;  while  of  two  other  fossils  referred  by  Owen  to 
the  same  *'  Crocodile"  the  so-called  "  portion  of  the  left  ramus  of  the 
lower  jaw "  is  stated  to  be  part  of  a  scapula  of  Koaphargis,  and 
'*  another  portion  of  the  right  ramus  of  the  lower  jaw  "  truly  belongs 
to  a  Liassic  Plesiosaurian.  Incidentally  it  is  pointed  out,  that  no 
species  of  the  genus  Crocodilua  occurs  in  the  Eocene,  the  so-called 
C.  Spenceri  being  referable  to  Diplocynodon. 

A  study  of  the  osteology  of  Heloderma  and  an  attempt  to  detennine 
its  systematic  position,  lead  Mr.  Boulenger  to  express  his  views  upon 
the  classification  of  the  order  Squamata.  Referring  only  to  the 
structure  of  the  vertebral  column  and  limbs  the  following  table  of 

diagnoses  is  given  : — 

Order  Squamata. 
A.  Pectoral  arch  or  its  rudiments  present.     Caadal  hypapophyses  forming  cheyrons. 
Suborder  I.  l)olicho$auria.     16-17  cervical  ?ertebrsB.    ^Extremities  archaic,  i.e, 
approaching  the  Batrachian  type. 

1  **  On  Some  Chelonian  Remains  preserved  in  the  Museum  of  the  Royal  College 
of  Surgeons,*'  Proc.  Zool.  Soc.  1891,  pp.  4-8,  figs.  1-6. 

*'  Notes  on  the  Osteology  of  HelocUrma  horridum  and  H.  auspeetum^  with  Remarks 
on  the  Systematic  Position  of  the  Helodermatida)  and  on  the  Vertebra  of  the 
Lacertilia/'  ibid.  pp.  109-118.  figs.  1-6.  . 

/'On  British  Remains  of  Homaotaunu,  with  iLematVft  ou  >2ti^  C^\3MJb^'sa5ass^  ^x 
tbe  Mbjnchoceph&Ua,"  idid,  pp.  167-172,  fijgs.  1,  2. 
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SnlMtSiBt  n.  IMmm^rpkm.    9  or  10  MnMI  wMm.    XslmdliM  ptSON 

shaped*  with  b  jpofphalangy. 
Babordor  III.  ZamH^im.    8  or  9  MTfieal  TBrtsbm.    Ffbok  fedaeed  prndadlj; 

ilftii  metetMMd  radneed  ia  bngth  tad  ihongly  nod^M. 
finbcffdflr  IT.  Mkiptefkmm.    6  oarrifiil  fwMns.    KiliWMilhi  ynev-ihifidi 

■11  the  metetetBBli  redoeed  in  length  and  ftrangly  modiilad. 
B.  No  traM  of  a  pectoral  arah.    Ganiial  hipnonhjiea  diaeoBnaotod  diateUy. 
SaboKderY.  Opkidim. 

Tigaren  of  the  hind  limb  are  added,  tba  ao-oalled  Bydr^mmm 
luinetiiii  of  the  Oetaoeous  being  eeleoted  as  a  ijpioal  repraaeotativi 
of  DoliehoMaurus* 

The  left  mandibular  raniiia  of  a  email  Bhyttohooephaliaii  leptSk 
also  in  the  Mnseam  of  the  Boyal  College  of  Snri^nai  fbima  tiie  teit 
of  Mr.  Boalenger's  third  oontribotion.  An  ezammaHon  of  the  matrix 
■Qggeeta  thai  the  spedmen  waa  probably  obtained  from  the  Lower 
Oolites  of  Wiltshire ;  and  the  left  maxilla  of  a  nearly  similar  reptflflb 
from  the  Parbeok  Beds  of  Swanage,  is  recorded  as  having  beea 
recently  acquired  by  the  British  Huseom.  These  fossila  are  believed 
to  be  referable  to  HomcBosaurwit  and  the  first  is  described  and  figmed 
as  the  type  of  a  new  species,  H.  major.  To  the  same  species  is  also 
assigned  a  mandible  from  the  Eimmeridgian  of  Hanover  described 
by  Struokmann  in  the  Zeitschr.  deutsch.  geol.  Oes.  voL  xxt.  p.  249, 
pi.  vii.  Some  remarks  on  the  systematic  position  of  HamwosaMms 
follow ;  and  after  several  critical  observations  in  regard  to  the 
non -diagnostic  character  of  most  of  the  existing  definitions  of  the 
Bhynchooephalia  and  the  component  families  of  the  order,  the 
following  revised  table  is  appended : — 

Order  Rhtnchocbpralia. 

Suborder  I.  Protbrosauria.  Each  transTeree  SM^ent  of  the  plastron  composed 
of  namerons  pieoee.  Pabie  and  iflcbinm  plate-like.  Fifth  metatanal  not 
modified. 

YertebrsB  conically  ezcayated  at  either  end,  with  pernstent  notochord,  all 
with  intervertebral  hypapophyses ;  limb-bones  without  condyles ;  hnmenis 
with  entepicondylar  foramen 1.  Palmokatteriids, 

Yertebrs  fully  ossified,  cenricals  opistboeoBlous,  dorsals  biconcave ;  no  hypa- 
pophyses between  the  dorsal  Tcrtebne ;  limb-bones  with  condyles ;  humemt 
'    with  entepicondylar  foramen  or  groove 2.  FroUrotaMridm. 

Suborder  II.  Rhtnchocephalia  vbra.  Each  transverse  segfment  of  the  plastroa 
composed  of  three  pieces,  a  median  angnlate  and  a  pair  of  lateral.  Pubis  and 
ischium  elongate,  and  fifth  metatarsal  modified,  as  in  the  Lacertilia. 

A.  Nasal  openings  distinct.    Mandible  with  eoronoid  process,  the  rami  not  united 

by  suture,    vertebra)  deeply  biconcave. 

Humerus  with  ectepicondylar  and  entepicondylar  foramen ;  riba  with  uBdnate 
processes ;  all  the  vertebras  with  intercentnu  hypapophyses.    8.  SaUtrHdm, 

Humerus  with  entepicondylar  foramen ;  ribs  without  uncinate  prooeases ;  no 
hypapophyses  between  the  dorsal  vertebrte 4.  MomuBoamuriim, 

B.  Nasal  opening  single.     Mandible  without  eoronoid  process,  the  rami  nnitsd 

in  a  solid  symphysis.  Yertebrffi  fully  ossified,  feebly  biconcave ;  no  hypa* 
pophyses  between  the  dorsal  vertebrte.  Humerus  witii  ectepicondylar  foraoMB 
or  groove. 

Snout  short,  ending  in  a  beak 6.  Rky$tekimmMriim. 


Snout  crocodilian  in  aYiav^  m>^  W>'^<^  ^fwtwflKCv^^nw^ 
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Okolooioal  Sooiictt  of  London. 

June  10,  1891.— Sir  Archibald  Geikie,  LL.D.,  F.B.S.,  President^ 

in  the  Chair. 

A  Special  General  Meeting  was  held  at  745  p.m.,  before  the 
Ordinary  General  Meeting,  at  which  the  following  resolution  was 
proposed  by  Dr.  Eyams,  seconded  by  Mr.  Baukbman,  and  carried 
unanimously  : — That  the  Society  approve  of  the  recommendation  of 
Council  that  Mr.  Isaac  Charlton,  the  House  Steward,  on  his  retire- 
ment, after  fifty  years'  service,  be  granted  a  pension  of  £70  per 
annum  for  life. 

Before  the  commencement  of  the  general  business.  Prof.  Blakk 
rose,  on  behalf  of  those  present  at  the  meeting,  to  congratulate  the 
President  on  the  honour  that  it  had  pleased  Her  Majesty  to  confet 
upon  him.  No  one  who  knew  him  could  fail  to  appreciate  how 
thoroughly  it  was  deserved ;  and  the  Geological  Society  would 
doubtless  feel  also  the  honour  conferred  on  their  science  in  the 
person  of  their  President  and  the  Head  of  the  Geological  Survey  of 
the  United  Kingdom. 

The  Pmksidbnt  referred  to  the  services  of  the  late  Dr.  Duncan, 
and  suggested  that  in  the  name  of  the  Society  a  message  of  cordial 
sympathy  should  be  sent  to  Mrs.  Duncan  on  the  great  loss  which 
had  befallen  her.  This  proposal  was  approved  of  by  the  Fellows 
present;  and  the  Sboretart  was  requested  to  communicate  with 
Mrs.  Duncan. 

The  following  communications  were  read : — 

.  1.  "  Note  on  some  Recent  Excavations  in  the  Wellington  College 
district"     By  the  Rev.  A.  Irving,  B.A.,  D.Sc,  F.G.S. 

This  paper  furnishes  new  facts  of  Bagshot  stratigraphy  obtained 
from  open  sections  since  the  author's  last  paper  was  read  on  Nov. 
12th,  1890.  The  whole  sequence  of  the  beds,  as  given  in  the 
published  section  of  the  College  Well,  has  now  been  verified  at  their 
respective  outcrops ;  percentages  of  clay  in  the  beds  laid  open  in 
excavations  in  March  last  along  the  critical  portion  of  the  ground 
are  given  as  results  of  mechanical  analyses  of  samples  of  them  ;  and 
the  northerly  attenuation  of  the  green-earth  series  and  of  the  quartz- 
sand  senes  is  reduced  to  a  question  of  mere  measurement,  for  which 
the  requisite  data  are  now  to  hand. 

The  author  claims  to  have  demonstrated  that  the  mapping  of  the 
Geological  Survey  contradicts  itself;  that  later  workers  in  adopting 
this  as  the  basis  of  their  work  along  the  S.E.  Railway  have  fallen 
into  serious  error ;  and  that  a  complete  contradiction  is  given  by  the 
facts  to  the  adverse  criticisms  offered  on  his  corrected  section  along 
the  railway,  which  was  exhibited  in  November  last,  and  is  repro- 
duced for  the  present  paper. 

2.  "Notes  on  some  Post-Tertiary  Marine  Deposits  on  the  South 
Coast  of  England."  By  Alfred  Bell,  Esq.  Communicated  by  R. 
Etheridge,  Esq.,  F.R.S.,  F.G.S. 


mndfnce—Rn:  A,  Irvimj—Mi:  R.  Liflekker.      ^H 

1  ohjeol.  in  tliin  pnper  is  to  trace  the  eucoeBsirs  Btagea 

)niciit  of  tbe  preseut  const  of  the  north  side  of  the 
lel,  and  \a  asi;ertaia  the  sources  of  the   divanified 

ices  of  marine  action  on  the  South  Const  in   Post- 
are  found  on  the  foreshore  in  Bracklesham  Bfty.    The 
ig  of  the  section  is  sotuewhsit  different  from  that  of 
jdwin-Austen;   ani  he  divides  the  marine  series  into 
rie  clay  with    Mnllnsca  common   to   eatuarine  flats; 
liarj  mud ;  and  (3)  a  bed  of  fine  sandy  silt  with  many 
lioae  lieds  imlicate  a  change  from  eatuariue  to  deep- 
is.     A  full  list  of  the  Selsey  fossils  is  given,  including, 
animals,  upwards  of  200  Mollusca.     Of  ^5  speoiee  of 
ow  living  ID  Britain,  the  majority  exist  iu  Lusitaniaa, 

m  are  common  to  the  older  Crags  of  tlie    Eaatem 

author  considers  the  fauna  of  the  Portland  Bill  shell. 

,e  the  further  opening  of  tha  Channel  subsequent  to 
of  the  Severn  Straits,  and  helieves  that  this  fauna 
deposits  warning   between  the  Selsey  mud-deposits 

:;  blocks  which,  according  to  him,  overlie  the  muJ ; 
shells  indicate  an  intermediate  temperature  "  rather 

northern  "  according  to  Dr.  Gwyn  Jeffreys. 

n,  details  couoeruing  still  newer  beds  are  given,  and 

round  therein;   and  the  author  oh.se rves  that  there  is 

I 


torn  XSuft  S'waMftB  Vax' 
li\\«a.  %\jaX«»,  "^-aT^ 


Dkcadb  hi.  Vol.  VIII.  Plate  XI. 
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I. — BSSTOBATION  OF  StEQOSAVRUS. 
By  Prof.  0.  C.  Marsh,  Ph.D.,  LL.D.,  F.G.S.,  6tc. 

(PLATE  XI.) 

IN  the  American  Journal  of  Science  in  1877,  the  writer  described 
a  remarkable  extinct  reptile  from  Colorado,  under  the  name 
StegosauruB  armaius,^  and  later  a  much  more  perfect  specimen  of 
another  species,  Stegosaurus  ungulatua,  from  essentially  the  same 
horizon,  in  the  Jurassic  of  Wyoming.'  The  latter  specimen  was 
in  fine  preservation,  and  the  more  important  parts  of  the  skull  and 
skeleton,  and  especially  of  the  remarkable  dermal  armour,  were 
secured.  Subsequently,  more  than  twenty  other  specimens  of  these 
and  other  species  were  obtained,  so  that  nearly  every  part  of  the 
osseous  structure  thus  became  known,  and  only  portions  of  the 
dermal  armour  were  in  doubt.  A  fortunate  discovery  cleared  away 
most  of  the  doubt  in  regard  to  one  species,  Stegoaaurua  stenops,  as 
the  type  specimen  had  the  skull,  skeleton,  and  dermal  armour 
together  when  entombed,  and  almost  in  the  position  they  were  when 
the  animal  died. 

With  this  rich  material  at  hand,  an  attempt  has  been  made  to 
give  a  restoration  of  one  of  the  group,  and  the  type  specimen  of 
Stegosaurus  ungtdaius  has  been  selected  as  the  basis.  This  has  been 
supplemented  by  a  few  portions  of  the  skeleton  of  Siegosaurm  duplex^ 
apparently  a  closely  allied  species  from  nearly  the  same  locality, 
while  some  other  parts,  especially  of  the  dermal  armour,  have  been 
placed  in  accordance  with  their  known  position  in  Stegosaurua 
stenops. 

The  result  is  given  in  Plate  XL,  which  is  believed  to  represent 
faithfully  the  main  features  of  this  remarkable  reptile,  as  far  as  the 
skeleton  and  principal  parts  of  the  dermal  armour  are  concerned. 
This  figure,  one  thirtieth  natural  size,  is  reduced  from  a  larger 
restoration,  one-tenth  natural  size,  made  for  a  lithographic  plate 
to  accompany  the  monograph  of  the  Stegosauria,  prepared  by  the 
writer  for  the  U.  S.  Geological  Survey.  When  alive,  the  animal 
was  about  twenty  feet  in  length,  and  nearly  or  quite  twelve  feet 
in  height. 

1  American  Journal  of  Science,  III.  vol.  xiv.  P.  613,  December,  1877. 

2  Ibid.  vol.  iviii.  p.  604,  December,  1879.     See,  also,  vol.  lix.  p.  263,  March, 
1880  ;  vol.  ixi.  p.  167,  February,  1881 ;  and  vol.  xxxW.  ]^.  \\^,'S^o^«a:^i«tA^'^'^- 
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886        rnf.  0.  a  Mank—Jtmtontion  ^Bhgomm  m. 

In  All  leitoimtloB,  the  animal  u  wpra—ted  m  mlkii^  aal  As 
pomtion  ii  idwted  to  tlutt  motion.  Tw  hml  nd  nsok,  the  munva 
m»  Umba.  and,  in  foot,  the  vholo  akdalon,  indioata  ilow  looomotiaB 
on  all  four  feeb  llie  loDgor  hind  timha  and  the  powerful  tail  ihov, 
boweveT,  that  the  animal  ooold  thai  aai^oit  itael^  aa  on  »  bipod, 
and  this  poaition  mnat  hare  been  eanlf  aMnned  in  omueqatoM  cl 
the  manive  hind  qnarteia. 

In  the  leatoration  aa  bare  preaented,  tlw  dennal  annonr  {•  (he 
moat  itriking  faatare,  bat  the  akaleton  ia  alntoat  aa  ramaricabki  tad 


ita  hi|^  apMnaliaadon  waa  eridantljr  acquired  giadnally  aa  the 
amour  itaelf  waa  developed.  Withoat  the  latt»r,  many  ptrinta  ia 
ttte  akeletoa  would  be  inexplioable,  aod  there  are  atill  a  nambar 


that  need  explanation. 

The  amall,  elongated  akull  waa  oorered  in  front  I7  a  bomj  beak. 
The  teeth  are  oonnned  to  the  maxillary  and  dantary  bonea,  and  are 
not  vieible  in  the  figure  here  given.  They  are  quite  amall,  with 
oompreaaed,  fluted  orowna,  and  indicate  that  the  food  of  this  aninui 
was  soft,  suooalent  vegetation.  The  vertebne  are  solid,  and  the 
artioalar  fao^s  of  the  oentra  are  bi-conoave  or  nearly  flat.  The  ribs 
of  the  trunk  are  massive,  and  placed  high  above  the  centra,  ths 
tubercle  alone  being  supported  on  the  elevated  diapophyeis.  The 
neural  spines,  eepeoially  those  of  the  sacrum  and  anterior  oaudals, 
have  their  summits  expanded  to  aid  in  supporting  the  massive 
dermal  armour  above  them.  The  limb  bones  are  solid,  and  this  is 
true  of  every  other  part  nf  the  skeleton.  The  feet  were  short  oad 
massive,  and  the  terminal  phalanges  of  the  functional  toee  were 
covered  by  dtrong  hoofs.  There  were  five  well-developed  digits 
in  the  fore  foot,  and  only  three  in  the  hind  foot,  the  first  toe  being 
rudimentaiy,  and  the  fifth  entirely  wanting. 

In  life,  the  animal  was  protected  by  a  powerfal  dermal  armoar, 
which  served  both  for  defenoe  and  ofienoe.  The  throat  was  covered 
by  a  thick  skin  in  which  were  imbedded  a  large  number  of  rounded 
OBsioles,  as  shown  in  the  figure.  The  gular  portion  represented  w«s 
found  beneath  the  skull,  so  that  its  position  in  life  may  be  regarded 
as  definitely  settled.  The  series  of  vertical  plates  whioh  extended 
above  the  neck,  along  the  back,  and  over  two-thirds  of  the  tail,  is 
a  most  remarkable  feature,  whioh  could  not  have  been  anticipated, 
and  would  hardly  have  been  credited  hod  not  the  plates  themselves 
been  found  in  position.  The  four  pairs  of  massive  spines  chsiao- 
teristic  of  the  present  species,  which  were  situated  above  the  lower 
third  of  the  tail,  are  apparently  the  only  part  of  this  peculiar 
armour  used  for  ofienca.  In  addition  to  the  portions  of  armon 
above  mentioned,  there  was  a  pair  of  small  plates  just  behind  ths 
skull,  whioh  served  to  protect  this  part  of  the  neck.  There  wen 
also,  in  the  present  species,  four  flat  spines,  whioh  were  probably 
in  plnoe  below  the  tail,  but  as  their  position  is  somewhat  in  doabi 
they  are  not  represented  in  the  present  restoration. 

All  these  plates  and  spines,  msssive  and  powerful  as  they  nowsn^  I 
were  in  life  protected  bj  a  lV\cV,  \iqtii^  covering,  whioh  must  hsn  J 
greatly  increased  their  vaa  an4  wei^^..   Ttt«  w«wiQ%  \.»  (dearl|  J 
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indicated  by  the  vascular  grocves  and  impreBsions  which  mark  the 
surface  of  both  plates  and  spines,  except  their  bases,  which  were 
evidently  implanted  in  the  thick  skin. 

The  peculiar  group  of  extinct  reptiles  named  by  the  writer  the 
Stegosauria,  of  which  a  typical  example  is  represented  in  the  present 
restoration,  are  now  so  well  known,  that  a  more  accurate  estimate  of 
their  relations  to  other  Dinosaurs  can  be  formed  than  has  hitherto 
been  possible.  They  are  evidently  a  highly  specialized  sub-order 
of  the  great  group  which  has  the  typical  Omithopoda  as  its  most 
characteristic  members,  and  all  doubtless  had  a  common  ancestry. 
Another  highly  specialized  branch  of  the  same  great  order  is  seen 
in  the  gigantic  (Uratopsia,  of  the  Cretaceous,  which  the  writer  has 
recently  investigated  and  made  known.  The  skeleton  of  the  latter 
group  presents  many  interesting  points  of  resemblance  to  that  of 
the  Stegosauria,  which  can  hardly  be  the  result  of  adaptation  alone, 
but  the  wide  difference  in  the  skull  and  in  some  other  parts  indicates 
that  their  affinities  are  remote.  A  comparison  of  the  present  restor- 
ation with  that  of  Truyeratopa,  recently  published  by  the  writer,^ 
will  make  the  contrast  between  the  two  forms  clearly  evident 

All  the  typical  members  of  the  Stegosauria  are  from  the  Jurassic 
formation,  and  the  type  specimen  used  in  the  present  restoration 
was  found  in  Wyoming,  in  the  Atlantosaunis  beds  of  the  Upper 
Jurassic.  Diracodon,  a  genus  nearly  allied  to  Stegosaurus^  occurs 
in  the  same  horizon.  Omosaurus  of  Owen,  from  the  Jurassic  of 
England,  is  the  nearest  European  ally  now  known,  but  whether  it 
possessed  a  crest  of  dermal  plates  like  that  of  Stegosaurus  is  doubtful, 
although  caudal  spines  were  evidently  present. 

n. — The  Scandinavian  Glaoieb,  and  some  Inferences 

DERIVED   FROM   IT. 
By  T.  F.  Jamieson,  F.G.S. 

IT  is  now  fifty  years  since  Cbarpentier '  told  us  that  the  heaps  of 
Northern  boulders  which  stretch  across  the  plains  of  Prussia 
and  Saxony  mark  the  ancient  limits  of  the  great  glacier  of  Scandi- 
navia, and  that  the  smaller  debris  met  with  farther  south  represents 
the  stuff  carried  on  by  the  torrents  that  escaped  from  the  margin  of 
the  ice.  All  this  he  explained  to  his  incredulous  contemporaries, 
and  now  after  half  a  century  of  debate,  in  which  every  other  con- 
ceivable mode  of  accounting  for  the  phenomena  has  been  tried,  it 
seems  to  he  agreed  on  all  hands  that  he  was  right — right  in  every 
particular — but,  strange  to  say,  it  appears  to  be  now  generally  for- 
gotten that  he  was  the  man  to  whom  we  owe  the  first  sketch  of  this 
explanation. 

Agassiz,'  in  1846,  alluding  to  the  previous  observations  of  Cbar- 
pentier, candidly  said,  **  I  was  unable  to  believe  in  his  conclusions 
when  he  first  imparted  them  to  me,  and  I  made  observations  in  order 

»  See  Geol.  Mao.  Dec.  III.  Vol.  VII.  1890,  PL  I.  pp.  1-6,  and  Vol.  VIII. 
1891,  pp.  193-199,  Pis.  IV.  and  V.,  and  pp.  241-250,  PL  Vll.;  and  Amer.  Joum. 
of  Science,  vol.  xli.  p.  339,  April,   1891. 

^  Essai  sur  les  Glaciers,  note  to  p.  319. 

»  BaU.  GeoL  Soc.  France,  2  ser.  in.  p.  420,  6  Aptii,  \%^^, 
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to  oombat  them,  but  I  haye  been  oonTerted  to  his  mode  of  Tiew.** 
Gharpentier,  however,  tells  us  that  it  was  his  friend  Yenets  who 
was  the  first  to  peroeive  (as  he  tersely  pats  it)  that  "  tont  le  phe- 
nomine  da  terrain  erratiqae  troavait  son  explication  dans  rezisteoos 
anoienne  d'immenses  glaoiers." 

When  the  Scandinavian  Glacier  reached  its  mazimnm,  it  extended 
over  most  of  Northern  Earope  and  stretched  eastward  beyond 
Moscow.  To  the  south-east  it  went  as  far  as  the  50th  parallel  of 
lat  on  the  banks  of  the  Dnieper,  and  from  that  its  sonthem  border 
ran  westward  along  the  northern  base  of  the  Carpathian  Mountains 
and  the  hills  of  Central  Germany  to  the  month  of  the  Rhine.  If 
the  starting-point  lay  in  the  mountain-chain  of  Scandinavia,  the  ice 
must  have  travelled  to  the  south-east,  a  distance  of  fully  1000  miles. 
Nitikin  ^  tells  us  that  the  northern  erratics  extend  over  the  whole 
Government  of  Tsohemigow  and  the  east  part  of  that  of  Kiew,  bat 
the  unstratified  brown  Boulder-day  which  accompanies  them  does 
not  go  beyond  the  eastern  border  of  the  Tsohemigow  Gbvemment 

General  Helmersen '  says  that  heaps  of  northern  boulders,  generally 
of  small  size,  but  some  of  them  four  feet  in  length,  occur  as  far  as 
Moscow,  while  further  south  they  rapidly  diminish  in  size  to  mere 
pebbles.  The  large  angular  blocks  mentioned  as  occurring  in  the 
Governments  of  Kursk  and  Woronesh  are  not  erratics,  but  consist  of 
sandstone  the  same  as  that  of  the  district  in  which  they  are  found. 
The  size  of  the  erratics  diminishes  gradually  with  the  distance  from 
their  source.  In  Finland  they  are  often  as  big  as  cottages,  and  in 
the  Government  of  St  Petersburg  blocks  of  large  dimensions  may 
also  be  seen.  Most  of  them  are  of  granite  and  gneiss,  such  as  occur 
in  Finland  and  Northern  Norway. 

Judging  from  the  accounts  of  Torell,  De  Geer,  and  other  Swedish 
geologists,  the  stream  of  ice  that  came  down  the  Baltic  must  have  had 
a  length  equal  to  fifteen  degrees  of  latitude,  or  more,  and  the  whole 
tenor  of  the  evidence  leads  me  to  think  that  I  am  not  overstating, 
when  I  say  that  the  Scandinavian  glacier  travelled  in  some  directions 
at  least  1000  miles.  The  reason  why  it  went  so  far  to  the  south-east 
no  doubt  was  because  there  were  neither  hills  nor  opposing  glaciers 
to  obstruct  its  march,  and  the  plains  of  Russia  gave  ample  room 
for  it  to  spread  freely  onwards.  Tlie  Canadian  ice  seems  to  have 
travelled  nearly  as  far  in  a  south-westerly  direction,  and  for  similar 
reasons. 

Now  what  would  be  the  inclination  or  slope  of  the  surface  in  a 
glacier  of  such  dimensions  ?  The  nearest  thing  of  the  kind  that  we 
have  any  knowledge  about  is  the  ice-sheet  of  Greenland.  What  the 
average  slope  of  its  surface  amounts  to  has  not  yet  been  properly 
determined,  but  from  all  we  have  hitherto  learned  it  does  not  seem 
to  bo  less  than  half  a  degree,  or  46  feet  per  mile.     In  the  glaciers  of 

^  S.  Nitikin,  Die  grenze  der  Glotschcr  spuren  in  Russland  und  dem  Ural  Gebir^, 
Pet«rra.  Oeog.  Mit.  1886;  also  Geol.  Ban  der  Eisenbahn  linie,  Gomel  Brian^k, 
Russia,  J  887. 

'  G.  V.    Helmersen,  Studien  \i\>w  d\e''?Cw\^'et\iVQOia  ^osA  ^'^  livUiTial  GebiMe 
JBassJands,  Mem.  de  l' Acad.  Imp.  dea  ^\.  "^l,  T«!to»\j»i^,  \^^^. 
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the  Swiss  Alps  the  smallest  meaa  inolination  is  3^  or  six  times 
greater. 

Nordenskiold's  Expedition,  in  1883,  in  lat  68^,  was  alleged  to 
have  penetrated  160  miles  into  the  interior  of  Greenland,  at  whioh 
distance  an  altitude  of  6000  feet  was  said  to  have  been  attained. 
This  would  give  an  average  rise  of  37^  feet  per  mile  over  the  whole 
distance  ;  but  I  suspect  these  figures  cannot  be  relied  upon,  because 
we  are  told  the  last  115  miles  were  done  by  the  Laplanders  of  the 
party,  whose  estimate  of  the  distance  seems  to  have  depended  on 
mere  conjecture.  Nordenskiold  himself  attained  a  distance  of  only 
62  miles  from  the  outer  edge,  at  which  point  he  made  the  altitude  to 
be  4500  feet  or  72^  feet  per  mile.  The  positions  of  his  camp  were 
determined  by  solar  observations,  the  other  distances  by  pedometers, 
while  the  heights  seem  to  have  been  fixed  by  the  barometer.  How 
the  Lapps  estimated  the  height  they  reached  I  have  been  unable  to 
ascertain. 

Dr.  Hayes,  who  believed  that  he  penetrated  70  miles  into  the 
interior  of  Greenland,  found  that  the  surface  of  the  ice  had  a  slope 
at  first  of  about  6°,  and  then  diminished  gradually  to  2^  at  the  end 
of  the  first  30  miles.  At  70  miles  from  the  coast  he  calculated  that 
he  had  attained  an  altitude  of  5000  feet,  which  would  give  about 
71  feet  per  mile,  and  this  is  almost  the  same  result  as  that  obtained 
by  Nordenskiold  himself.  Dr.  Nansen  states  that,  in  1886,  an 
American,  R.  E.  Peary,  travelled  100  miles  from  the  edge  of  the 
iceblink,  his  highest  elevation  being  7525  feet.  This  was  further 
north  than  Nordenskiold's  route  in  1883,  and  gives  75  feet  per  mile. 

Nansen  and  his  party,  in  1888,  landed  on  the  east  coast  of 
Greenland  at  lat  61^  30^,  and  then  travelled  along  the  coast  north- 
ward to  Umiavik,  lat  64°  30'.  From  this,  after  penetrating  ten 
miles  into  the  interior,  they  reached  a  height  of  3000  feet.  In  lat 
64°  50^,  at  40  miles  from  the  coast,  they  were  at  a  height  of  about 
7000  feet  on  the  27th  of  August.  By  the  beginning  of  September 
they  got  to  a  flat  extensive  plateau,  whose  height  was  8000  or  9000 
feet,  and  which  seemed  to  rise  considerably  higher  to  the  north. 
Over  this  plateau  they  travelled  for  more  than  two  weeks,  reaching 
the  west  coast  in  lat.  64°  12'  on  the  26th  September.  The  breadth 
of  Greenland  where  Nansen  crossed  it  in  lat  64^°  does  not  seem 
to  exceed  340  English  miles,  which  would  make  the  central  point 
170  miles  from  the  coast,  and  taking  the  altitude  at  the  centre  to  be 
8500  feet,  this  would  give  an  average  slope  of  just  50  feet  per 
mile.  Nansen's  results  probably  afford  the  best  approximation  we 
have  yet  got,  as  the  fact  of  his  crossing  the  whole  breadth  of  the 
land  in  an  ascertained  latitude  enables  us  to  gauge  the  extreme 
distance  he  penetrated  into  the  interior  with  some  confidence,  if 
oar  maps  are  at  all  correct  Further  north  the  greatest  width  of 
Greenland  seems  to  be  about  700  miles,  which  would  make  the 
middle  point  350  from  the  coast.  A  rise  of  50  feet  per  mile  on  this 
distance  would  give  17,500  feet  for  the  altitude  of  the  surface  at 
the  centre. 

From  all  we  know  of  the  Greenlaad  ioe  it  N?o\i\Si  %e«tck.  ^%^  ^^ 
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Burface  increaBN  always  towards  the  oui«r  edge,  and 
t  hundred  miles  from  ihe  border  we  would  not  be 
iming  an  average  slope  of  leas  tban  60  feet  per  mile, 

0  would  bo  nearer  the  truth.    Then  for  the  remainder 
sujipose  we  put  the  slope  as  low  as  even  12  fe«t  per 
;et  the  following  result  for  a  distance  of  1000  mUee, 

1(10  miles  at  60  feet  per  mils       6,000  feet. 
900           „        12         „         „         10,800    „ 

1000  mi]BB.                                    16,800  feat. 

1  average  of  nearly  17  feet  per  mile  over  the  whole 
le  no  reason  for  thinking  a  less  slope  at  all  probable. 

of  the  mountain  tops  eitneed  6000  feet ;  we  have 
}  strong  presumption  tliat  the  former  height  of  that 
1  been  vastly  greater  than  it  is  now,  and   the  eame 

apply  to  the  centres  of  glaoiation  in  Canada  and 
posing  that  in  Scandinavia  we  place  the  centre  of 
6  ice  not  in  the  Norw^ian  hills,  but  in  the  lower 
Fistward,  still  it  will  not  materially  affect  the  result, 
t  thereby  shorten  the  length  of  the  glacier,  we  lower 
tude  of  the  point  from  which  it  had  to  start.  Ths 
reforo,  seems  to  be  very  great  that  at  the  commence- 
icial  period  the  altitude  of  Scandinavia  was  bi^her— 
ler — than  at  present,  and  this  conclusion  is  strongly 
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2.  Again,  Dr.  Tyndall  reminds  us  that  what  we  most  want  in 
order  to  prodnoe  the  glaciers  of  the  Ice- time  is  improved  condensers. 
Now  there  is  no  better  condenser  that  a  lofty  mountain.  Heave  it 
high  enough  and  jou  will  get  snow  at  the  ijquator,  as  we  see  on  the 
Andes,  and  at  Kilima-Njaro  in  Africa.  Here  then  we  have  another 
good  argument  for  a  much  greater  height  of  the  Scandinavian 
plateau,  and  the  same  observation  will  hold  good  for  other  glaciated 
regions.  I  therefore  think  that  at  the  commencement  of  the  Ice- 
time  these  countries  had  a  fax  greater  altitude  than  at  present — an 
opinion  which  I  expressed  quite  as  distinctly  thirty  years  ago.^  It 
is  difficult,  indeed,  to  see  how  otherwise  a  sufficient  permanent 
condensing  power  could  have  been  sustained  in  these  latitudes ;  for 
even  in  Greenland,  at  the  present  day,  the  line  of  perpetual  snow 
is  2000  feet  above  the  sea-level,  and  it  is  on  the  high  mountain  range 
of  the  interior  that  the  ice  is  generated.  Dr.  Croll,'  in  his  paper  on 
the  Antarctic  ice,  asserted  that  ''  the  Greenland  ice-sheet,  like  the 
Antarctic,  must' be  thickest  at  the  centre  of  dispersion  and  thinnest 
at  the  edge.''  If  the  ice  lay  upon  a  perfectly  flat  horizontal  plane, 
no  doubt  it  would  require  to  be  thickest  at  the  centre,  but  if  the 
ground  supporting  it  is  10,000  or  15,000  feet  higher  at  the  centre 
than  at  the  edge,  as  seems  not  unlikely,  then  the  thickness  at  the 
centre  of  dispersion  need  not  be  so  very  great  If  OroU  had  said 
that  the  surface  of  the  ice-sheet  must  be  highest  at  the  centre  and 
lowest  at  the  edge,  it  would  have  been  all  very  well ;  but  the  thickness 
of  the  ice  at  the  centre  of  dispersion  must  depend  much  upon  the 
altitude  of  the  surface  on  which  the  ice  rests. 

As  the  ice  accumulated  upon  these  lofty  regions  they  appear  to 
have  gradually  undergone  a  movement  of  depression,  and  the  opinion 
seems  to  be  gaining  ground  that  this  depression  may  have  been 
caused  by  the  weight  of  ice  which  was  laid  upon  them.'  It  is  at 
any  rate  quite  clear  that  after  the  pefriod  of  maximum  glaciation 
IScandinavia  underwent  a  partial  submergence,  during  which  the 
great  glacier  seems  to  have  broken  up  and  disappeared  from  much 
of  the  ground  it  once  covered,  and  this  same  order  of  events  seems 
to  have  occurred  in  the  other  great  centres  of  glaciation  in  Britain 
and  North  America. 

Dr.  Penck*s^  theory  that  the  submergence  was  caused  by  attraction 
of  the  ice  drawing  the  sea  up  on  to  the  land,  has  not  been  sustained 
by  an  appeal  to  mathematical  investigation  ;  for  Woodward  in 
America,  Drygalski,  and  Hergesell  in  Germany,  and  Faye  in  France, 
who  have  in  elaborate  papers  discussed  the  subject  from  a  mathe- 
matical point  of  view,  seem  all  to  agree  that  the  cause  in  question 
would  be  quite  insufficient  to  account  for  the  facts,  even  on  the  roost 
liberal  estimate  of  the  possible  volume  of  ice.     Indeed,  it  would 

1  Quart.  Jonni.  Geol.  Soo.  yoI.  xyiii.  p.  180-1,  Feb.  1862. 

^  Quart.  Joum.  of  Science,  Jan.  1879. 

'  O.  de  Oeer,  Om  SkandinavienB  NiT&foiandringar  under  Quartarperioden.  Stock- 
holm, 1890.  Warren  Upham,  Beview  of  the  Quaternary  Era,  Amer.  Joum.  of 
Science,  Jan.  1891. 

^  8chwankai2£'0ii   dea  MeeresspieirelB.    Jahrh.  dei    Qeoft.  Ql^i^.   v\  ^^oo^^^s^^ 
bd.  TiL  1882.  r   6     .  b 
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ring  to  the  abstraction  of  water  required  to  form  the 
.  of  the  sea  would  on  the  whole  be  lowered,  and  thU 
irpasB  the  other,  however  great  the  thiokness  of  ice, 
iibined  effect  of  the  European  and  North  American 
Bimultatieous,  would  be  to  cause  a  general  ainkiug  of 
during  the   period   of  maximum   ice.      The   general 
r,  would  depend  much  upon  the  relative  extent  of  the 
tarolic  glaciers  at  the  time,  a  subject  regarding  wbioh 
or  nothing.     Penck  seems  to  have  been  under  the 
it  the  atlraotion  would  have  caused  the  sea  to  riie 
order  of  the  ice  in  a  comparatively  rapid  swell,  bat 
>t  have  been  the  case.     Any  rise  in  the  level  of  the 
■  such  «  cause  would  be  nearly  parallel  to  tbe  present 
ould  extend  much  further  horizontally  outwards  than 

0  have  contemplated,  while  ite  vertical  extent  would 

1  he  auppoaed, 

mmencement  of  the  Glacial  period,  Scandinavia  (or 
;e  part  of  it)  stood  several  thousand  feet  higher  than 
;ben  it  follows  that  the  snbseqnent  depression  mnst 
-y  considerable  indeed,  and  the  subsidence  of  such 
1  the  extent  required  would  no  doubt  ocoasion  much 
urbance,  and  probably  some  upheaval  in  neighbouring 
L  inclined  to  think  that  the  ice  was  gathering  on  the 
Norway  at  a  much  earlier  period  than  is  generally 
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thBD  6500  feet ;  in  the  aommit  of  Salataa,  which  lies  about  three  milae 
from  the  goi^,  it  reaches  nearl^r  8000  fset ;  the  bed  of  the  river 
Salak  at  its  entranoe  below  Gimri  is  about  1000  feet  sad  at  its  exit 
near  Tjirkei  about  600  feet  above  the  sea.  Tbe  huge  outting  has 
therefore  a  vertical  depth  of  from  5000  to  6000  feet,  while  its 
breadth  ia  so  amall  that  the  river  leaves  no  room  for  a  proper  road, 
and  aoaroely  enough  for  a  narrow  horse-path,  which  is  itself  im- 
passable at  certain  seasons  of  the  year.  The  walls  of  the  defile, 
whicli  mainly  oonsist  of  a  compact  dolomitio  limestone  and  show 
the  lines  of  Btratification  with  unusual  distinotnees,  rise  almost  per- 
pendicularly into  the  air  and  are  altogether  unscalable.  For  this 
reason  the  valley  of  the  Sulak,  which  forms  a  hydrographio-link 
between  Inner  and  Outer  Dagbestan,  is  as  a  means  of  communication 
between  tbe  two  divisiona  of  the  province  of  no  signifioanoe  what- 
ever. The  road  between  Temir  Ohan  Sohara  and  Qimri  is  carried 
over  tbe  6000  feet  to  which  the  intervening  range  of  mountains  here 
rises  instead  of  being  taken  through  the  river  gorge.  This  circum- 
stance is  sufficiently  indicative  of  the  wildness  and  inaccessibility 
of  this  transverse  valley. 

Before  going  farther,  I  had  perhaps  better  give  a  short  aketoh  of 
the  crographical  structure  and  hydrography  of  Dagbestan. 


Sketch-map  of  Da^estao,  N. 


Dagbestan  liea  entirely  on  the  N.  slope  of  the  main  chain  of  the 
Caucasus,  though  for  administrative  purposes  it  is  included  in  Trans- 
oancasio.  A  reason  for  this  arrangement  may  be  found  in  the  fact 
that  the  province  is  bounded  on  £e  N.  also  by  a  continuous  rang^ 


iiic  ->.E..  inner  DdglitBtan  may 
the  four  rivers  Ruissii.  Sumnind 
11)0 11 11  tains,  tbis  rej;ion  wuuld  bo  al 
'waten,  had  not  the  oombined  Btrc 
jnnotion  bear  the  name  of  811  lak, 
through  the  defile  which  we  are 
gorge  ia  the  only  channel  for  the 
6000  eqiiue  milee. 

Ute  phjBiographioal  character  ( 
Octer  Dttgfaeetan,  ia  very  different, 
entirely  of  Tertiary  formationB,  Pa 
alatea  and  caodBtones,  Sarmatian  lii 
create  of  the  anticlinal  folds  that  thi 
appear.  The  atrata  of  this  region 
and  there  are  no  dipB  exoeeding  45' 
Steppe  and  the  C^pian  Sea  oonai 
undulating  bighlaodB  of  a  mean  faei 
branohiM  and  outgrowtlu  of  the  mo 
greater  eleTalion. 

The  character  of  Inner  DagheHtat 
aa  Abioh  painted  out  years  ago,  1 
wanting.  The  fundamental  rock  ia  ei 
with  the  exception  of  certain  of  tb 
age  of  which  is  aa  yet  unknown. 

Inner  Daghestan  again  may  be  < 
have  already  auggeeted  in  my  pa' 
Dagheatana  nnd  deB  Terek- Gebietei 
mainly  of  Hmeatonea  and  dolomil 
Juraaaio  and  nlH"*  f^—' 
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Bonthem  faces  of  these  huge  plateaux,  all  of  which  look  towards 
the  main  Caacasian  chain,  lie  almost  in  a  straight  line  with  a 
W.  25^  N.  direction,  a  line  which  marks  the  boundary,  so  important 
in  physiographical  respects,  between  the  upper  and  lower  sections 
of  Inner  Daghestan.  While  the  average  height  of  these  plateaux  is 
about  6250  feet,  the  average  height  of  the  river  beds  which  traverse 
them  is  not  more  than  some  2000  feet.  To  this  great  difference 
of  elevation  is  due  the  great  difference  between  the  climate  and 
products  of  the  deep  valleys  and  those  of  the  high  plateaux  in  this 
region. 

The  physiographical  nature  of  the  upper  section  of  Inner 
Daghestan  shows  a  striking  contrast  to  this.  Here  there  are  no 
solid  strata  of  limestone  and  dolomite,  but  only  loose  schists  with 
subordinate  beds  of  sandstone  belonging  to  the  Lias  formation  or  the 
fundamental  Caucasian  schists.  The  high-lying  plateaux,  with  their 
precipitous  cli£&,  are  no  longer  to  be  seen;  the  river- valleys  are 
broader  and  more  practicable ;  the  mountains  slope  less  abruptly, 
and  their  sides  are  modelled  more  softly  by  the  ramifications  of  the 
lines  of  erosion. 

We  will  now  proceed  to  examine  the  structure  of  the  chain  of 
mountains  which  encloses  Inner  Daghestan  to  the  N.  and  N.E.,  and 
give  our  special  attention  to  that  section  through  which  the  Sulak 
has  found  a  passage. 

On  the  whole  the  structure  of  the  dividing  ridge  is  very  simple, 
and  for  the  greater  part  of  its  length  it  may  be  considered  as  an 
oblique  anticlinal  fold  or  a  system  of  several  such  folds.  This  at 
least  is  its  nature  for  a  length  of  some  70  miles,  from  Bozrach  in 
the  W.  to  Suluch-Dagh  in  the  E.  Throughout  this  stretch  the  ridge, 
which  consists  entirely  of  Cretaceous  rocks,  forms  a  boundary  as 
well  as  a  watershed  between  Inner  and  Outer  Daghestan,  and  has 
a  mean  elevation  of  nearly  6000  feet  The  steeper  side  of  the  fold 
lies  throughout  inside,  i.e.  it  faces  S.  and  S.W.,  while  the  strata  of 
the  outer  slopes  show  a  gentler  angle.  A  marked  feature  of  this 
particular  section  of  the  whole  ridge  is  that  the  compression  of  the 
fold  has  been  more  violent  than  in  the  adjacent  sections,  where  there 
has  been  less  disturbance  of  the  stratification. 

I  may  here  repeat  a  passage  from  another  paper  of  mine  which 
refers  to  the  same  region.^  '*  I  have  already  shown,  when  treating 
of  the  Cretaceous  region  of  Daghestan,  that  the  boundary  between 
the  Outer  and  Inner  divisions  of  the  province  is  formed  by  a  huge 
ridge  which  belongs  chiefly  to  the  Senonian,  though  towards  the 
west  the  Neocomian  also  comes  in.  This  watershed  throughout  a 
great  part  of  its  length  consists  of  an  oblique  fold.  On  the  outer 
slope  the  strata  fall  gently  in  angles  of  from  10°  to  20°,  on  the 
inner  slope  steeply,  reaching  from  60°  to  90°." 

On  the  eastern  slope  of  Salatau,  immediately  above  the  transverse 
valley  of  the  Sulak,  the  mountain  is  seen  to  be  composed  of  three 
of  these  oblique  folds,  lying  one  above  the  other. 

*  *«  IJebars2<;22^  der  Geologie  Das'hestaiiB  nnd  dea  Terek-Q^\i\ek\«^?^   "i^iJo^^^^'^i^*'^* 
gwL  ReichaanBt.  vol.  89,  p,  434  (1889). 
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lOve  Bhort  sketch  of  the  niftin  orographical  features  of 
will  proceed  to  trace  the  course  of  the  four  riMrs 
cey  of  which   will  help  to  give  the  reader  a  dear 
conditions  under  which  the  iranaverse  valley  we  are 
ig  was  fonueil. 

iJGterly,  and  at  the  same  time  the  largest,  of  these  fonr 
ndian  Koiseu,  pasties  first  through  the  deep  valleys  in 
[il  Bchists  which  divide  the  Katja  range  of  mountains 
cliiLin,  and  so  far  its  course  is  entirely  longitudinal 
loa  bends  to  the  N.E.,  and  soon  assumes  a  tmnsveml 
valley  traversing  a  plicated  region  of  fundamental 
s,  and  at  Konada  passing  into  a  tract  of  folded  Jurassic 

ind   transversal  ;    in   some  places   it   cuts    obliquely 
folds  of  Jiirassio  and  Cretaceous  strata  (Malm  to 
ile  at  others  it  runs  parallel  with  them, 
ddlo  streams  of  the  four,  the  Avarian  Koiesn  and  tie 
have  both  eminently  transversal  conrses,  as  is  shown 
r  general  N.N.E.  direction,  which  is  at  right  angles 
ing  strike-line  of  the  stratification.     Id  their  upjKi 

nn  wide  open  valleys  thickly  set  with  hamlets.     But 
y  enter  the  Jurnssic  and  Cretaceous  formations  these 
B  BO  constricted  that  Ihey  are  scarcely  habitable.    This 
he  case  with   the  Kara-Koissu,  the  lower  portion   of 
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traverses  the  prevailing  strike  of  the  stratification,  and  in  their 
upper  valleys  flow  over  soft  and  unresisting  schists  of  Lias  and 
earlier  formations.  They  then  enter  a  region  of  folded  Jurassio 
and  Cretaceous  strata,  where  they  out  through  a  plateau  of  synclinal 
character,  the  mean  height  of  which  is  6250  feet,  while  the  river 
heds  reach  no  more  than  some  2000  feet  Still  farther  down,  below 
Oimri,  the  four  streams  unite  at  a  height  of  about  1100  feet,  and 
then,  as  the  Sulak,  pass  through  a  range  of  mountains  which  reach 
more  than  6500  feet  in  mean  elevation. 

For  these  phenomena  I  can  find  no  explanation  so  well  supported 
by  the  data  at  hand  as  the  hypothesis  that  the  bed  of  the  Koissu 
rivers  and  the  Sulak  originally  lay  at  so  high  a  level  that  the  water 
flowed  over  the  great  range  of  mountains  without  cutting  it,  and 
that  the  transverse  valley  which  now  exists  was  subsequently  eroded 
to  its  present  depth,  its  erosion  keeping  pace  with  the  general 
denudation  of  the  valleys  which  lay  behind.  I  came  to  this  con- 
clusion when  I  was  travelling  in  Daghestan  in  1888,  though  I  had 
then  given  no  special  attention  to  the  general  question  of  transverse 
valleys.  After  my  return  I  was  induced  to  study  the  subject  more 
closely,  and  I  then  discovered  that  the  same  or  similar  hypotheses 
had  been  advanced  long  before. 

If  we  apply  this  theory  to  the  special  case  which  we  are  con- 
sidering, we  shall  soon  see  how  these  rivers  in  their  upper  channels, 
where  they  flow  over  soft  and  easily  destructible  beds  of  schist, 
have  managed  to  hollow  out  the  wide  open  valleys  which  there 
occur,  while  in  the  solid  and  compact  limestones  and  dolomites  of 
the  lower  part  of  Inner  Daghestan,  they  .have  only  been  able  to 
produce  deep  narrow  cuttings  with  precipitous  walls.  General 
denudation  has  reduced  the  level  of  the  upper  schist  region,  till 
its  elevation  has  become  less  than  that  of  the  limestone  and  dolomite 
plateaux  and  that  of  the  great  mountain  ridge,  all  of  which  once 
lay  below  it.  The  same  explanation  which  serves  for  the  Sulak 
gorge  below  Gimri  will  apply  to  the  narrow  defiles  at  Gunib  and 
Salti  in  the  lower  course  of  the  Kara-Eoissu,  and  they  may  also 
be  regarded  as  true  transverse  valleys. 

But  the  whole  of  the  valley  system  will  be  still  clearer  to  us  if  we 
consider  its  original  history  and  gradual  development. 

It  was  probably  at  the  beginning  of  the  Tertiary  period  that  Inner 
Daghestan  rose  above  the  sea  and  became  dry  land.  I  have  already 
drawn  attention  to  the  important  fact  that  there  are  no  Tertiary 
formations  in  Inner  Daghestan,  for  which  reason  we  must  suppose 
that  this  region  already  lay  above  the  sea,  whereas  Outer  Daghestan 
consists  mainly  of  formations  of  this  period.  On  the  other  hand 
we  find  in  the  lower  part  of  Inner  Daghestan  among  the  Jurassio 
folds  remains  of  Gault  and  Aptian  (Middle  and  Lower  Greensands) 
which  show  that  the  sea  of  the  Cretaceous  period  covered  at  least 
a  part  of  this  region.  This  is  also  proved  by  the  enormous  Senonian 
deposits  which  form  the  dividing  ridge  between  Outer  and  Inner 
Daghestan  and  show  a  thickness  of  more  t\iQLn.  ^QV^  i«^\..  ^^^ 
beginning  of  the  Tertiary  period,  howevex,  \t  '^iwa  -gtOosi^^  '^kss^ 


■^Sm 
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ridge  ihat  fonned  the  limit  of  the  laadt  and  its  outer  dopes,  wluch 
look  to  the  N.  and  N.E.,  would  in  that  case  have  been  washed  bj 
the  Tertiary  sea. 

As  soon  as  Inner  Daghestan  rose  aboTO  the  sea  the  work  of  erosioii 
must  have  begun.  At  that  time  there  would  have  been  no  river 
valleys  or  lines  of  erosion  in  the  oomparatively  smooth  surfiuM  of 
the  oountry,  and  the  drainage  would  haTO  followed  the  genwsl 
slope  to  the  N.  and  N.E.  To  this  period  we  must  assign  the  origin 
of  the  Talley-system  whioh  the  Eoissu  rivers  now  follow,  and  it  is 
easy  to  see  how,  on  the  then  smooth  and  featureless  surface,  the 
channels  could  show  such  independence  of  the  geological  structure  of 
the  subjacent  rocks  as  we  have  seen  is  actually  the  case. 

During  the  long  geological  periods  that  have  since  elapsed,  this 
region  has  been  exposed  to  many  and  great  changes.  Subterranean 
forces  have  raised  the  whole  mountain  system  of  the  Caucasus; 
the  forces  of  denudation  have  at  the  same  time  from  prominent 
points  stripped  off  whole  masses  of  strata  and  displayed  the  older 
formations  which  lay  beneath.  Throughout  all  these  changes,  how- 
ever, the  Eoissu  rivers  have  retained  their  original  course,  owing  to 
the  fact  that  the  erosion  of  their  channels  has  kept  pace  with  opera- 
tions which  have  threatened  to  divert  them.  Just  as  general 
denudation  has  lowered  the  level  of  the  country  which  formed  their 
upper  basin,  so  and  in  a  corresponding  degree  has  erosion  deepened 
the  narrow  defile  in  which  they  pass  through  the  barriers  of  Jurassic 
and  Cretaceous  folds,  and  has  produced  the  present  state  of  things 
which  at  first  sight  strikes  us  as  so  abnormal. 

This  explanation  is  the  same  that  Penck,  in  his  review  of  theories 
to  account  for  transverse  valleys,  has  characterized  by  the  term 
"  Geologisohe  Gefallsthaler,"  ^  or  valleys  which  are  due  to  intense 
denudation  in  their  upper  sections.  The  first  to  apply  the  explana- 
tion was  Giimbel,  in  the  special  case  of  Altmiihl  in  Bavaria.  At 
about  the  same  time  and  quite  independently  similar  hypotheses  were 
advanced  by  Jukes  and  other  English  geologists  to  explain  similar 
phenomena  in  England  and  Ireland. 

These  transverse  valleys  have  the  important  and  characteristio 
feature  that  their  rivers  pass  from  the  older  formations  which  lie  at 
their  sources  on  to  strata  of  newer  and  newer  date.  The  later  strata 
upon  which  such  a  river  enters  in  the  lower  portion  of  its  course 
were  no  doubt  once  present  in  the  region  about  its  source.  This 
region  lay,  when  the  river  began  to  run,  higher  than  those  tracts 
through  which  it  now  passes  further  down,  but  now,  owing  to 
excessive  denudation  of  the  upper  basin,  the  conditions  are  just  the 
opposite. 

2.  The  Oerdttnan-tschaj  gorge  below  Lagitech. 

A  precisely  similar  origin  must  be  assigned  to  the  fine  transverse 
valleys  in  which  the  Gerdiraan-tschaj,  after  flowing  through  the 
cauldron-like  valley  of  Lagitsch  on  the  southern  side  of  the  main 

1  «*  Die  bOdung  der  I)\irc\i\)ni.c\itV'Q\eT,"'*  ^^rAxftxi.  ^<»&  'S ««;«»!»  tot  Terbreitong 
aaturwifisenfichamicher  leLenntrnfiw  m  \7\Bf^  ^oV  "^^  ^«  v^"^  V>%^. 
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Oancasian  ohain,  passes  the  Lagitsch  range,  wbiob  on  the  eastern 
side  of  the  gorge  has  the  name  of  Nial-Dagh,  on  the  western  that 
of  Elgja-Dak.  In  point  of  volume  the  Gerdiman-tsohaj  river  is 
insignificant  compared  with  the  Suiak,  bat  the  natural  catting  made 
by  it  to  the  south  of  Lagitsch  is  little  inferior  in  grandeur  to  that 
through  which  the  larger  river  passes  near  Gimri. 

In  order  to  make  clear  the  topography  and  geological  structure 
of  the  Lagitsch  valley  and  the  surrounding  mountains,  I  reproduce 
the  following  from  an  earlier  paper  of  mine :  ''  Bericht  iiber  einen 
Ausflug  in  den  siidostlichen  Theil  des  Kaukasus  in  Oktober  und 
November,  1889." ' 

llie  Lagitsch  valley-system  consists  of  two  separate  branches,  of 
which  the  larger  and  more  easterly  is  the  channel  of  the  main 
river  G^rdiman-tschaj,  while  the  smaller,  which  lies  to  the  west, 
carries  a  tributary  stream.  The  two  are  separated  by  a  mountain 
ri<lge  running  N.  and  S.  and  reaching  a  mean  elevation  of  some 
6000  feet.  The  minor  valley  forms  an  almost  circular  cauldron 
about  six  miles  across,  at  the  bottom  of  which  lie  the  villages  of 
Dachar  and  Wascha.  The  main  valley  on  the  other  hand  is  long 
and  narrow,  and  may  be  divided  into  two  sections,  of  which  the 
upper,  running  from  N.W.  to  S.E.,  begins  on  the  slope  of  Baba- 
Dagh,  while  the  lower,  which  runs  neariy  N.  and  S.,  may  be  said  to 
end  with  the  beginning  of  the  Gerdiman-tsohaj  defile.  Both  valleys 
are  separated  by  high  ridges  of  about  7200  feet  from  the  Pyrsagat 
▼alley-system  on  the  E.,  and  from  that  of  Gok-tschaj  on  the  W. 
On  the  N.  the  Lagitsch  valleys  are  bounded  by  the  main  range  of 
the  Caucasus,  which  just  here  rises  with  excessive  abruptness,  and 
reaches  its  highest  point  in  Baba-Dagh,  a  peak  of  11,940  feet. 

The  only  opening  in  the  mountains  enclosing  the  Lagitsch  valleys 
lies  to  the  S.  Here,  through  the  transverse  cutting  with  which  we 
are  now  concerned,  the  Gerdiman-tschaj  passes  a  mass  of  mountain 
composed  of  basalts,  tuffs,  and  limestones  raised  to  an  almost  vertical 
position.  Owing  to  the  comparative  impracticability  of  the  gorge, 
where  the  encroachments  of  high- water  prevent  the  construction 
of  a  good  road,  it  is  only  at  intervals  that  a  regular  communication 
between  the  country  above  and  below  can  be  kept  up.  The  most 
convenient  link  of  connexion  is  the  road  which  goes  to  the  E.  over 
the  pass  of  Machtokjan-gjadu  (7090  feet)  to  the  Pyrsagat  valley. 

At  the  entrance  of  the  gorge,  a  mile  or  so  below  the  village  of 
Lagitsch,  the  bed  of  the  Gerdiman-tschaj  has  an  elevation  of  about 
3430  feet  As  the  ranges  of  Nial-Dagh  and  Elgja-Duk,  which  lie 
on  either  side,  reach  heights  of  6900  feet  and  7600  feet  respectively, 
it  follows  that  this  transverse  valley  has  a  vertical  depth  of  more 
than  3800  feet 

In  respect  to  their  geological  structure  the  Lagitsch  valleys  con- 
sist  of  a  huge  stratified  series  of  clay-slates,  which  are  to  a  great 
extent  ferruginous,  and  thinly  laminated  limestones,  which  are 
impure,  compact  and  often  half  crystalline.  As  there  are  no  fossils 
in  these  beds, — I  have  only  found  in  some  of  th©  cila5-«\aX.^^  ^Q^i^Q^Jl\i^. 

1  JAittheiluDgen  d.  k.  k,  geographischen  Ge8ellschaitVii'^\esii)\%^^t'^«^&'^« 
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faooid  Imprawions — the  geologioil jporition  of  the  whole  oompkoc 
can  only  be  determined  indireoUy.  The  petrognphio  featorae  nmind 
one  strongly  of  the  Eooene  fonnations  in  the  Eaatem  Oaooasoib  and 
the  tupexpoaition  upon  limestone  in  the  oaae  of  Nial-Dagh  is 
analogous  to  the  soperpoeition  on  Senonisn  white  ohalk  in  the  other 
instanoe.  Moreover,  the  oocarrenoe  of  strongly  fermginoiis  <daj* 
slates  both  to  the  N.  and  S.  of  the  eastern  Gauoasna  ia  eapeoially 
oharaoteristio  of  the  Eooene  period.  At  the  northernmost  end  of 
the  two  valleys,  on  the  side  of  Baba-Dagh  itaelf,  there  are  thinly 
laminated  limestones  raised  at  oonsiderable  angles. 

We  will  now  torn  to  the  straotnre  of  the  ridge  of  momitaina  which 
the  channel  of  the  Gerdiman-tsbhaj  enters  aa  it  leaves  the  Lagitsoh 
valley.  This  ridge  I  have  myself  crossed  on  the  way  from  Mndsohi, 
a  village  on  the  S.E.  side,  over  to  Laffitsdb,  as  well  aa  by  the  roate 
through  the  Gtordiman-tschaj  gorge,  m  which  the  stratification  is 
very  finely  displayed.  Begarded  as  a  whole,  the  Nial-Dagh  ridge 
consists  of  a  colossal  fold  leaning  over  towards  the  S.  and  ia  mainly 
composed  of  limestones  and  stratified  eruptive  tufis.  If  we  look 
to  the  details  we  see  that  massive  eruptive  rocks,  with  the  character 
of  basalt  and  andesite,  also  enter  into  the  composition  of  the  ridge. 

It  must  still  be  left  an  open  question  whether  these  eruptives 
occur  as  dykes  in  the  stratification  or  formed  beds  originally. 

As  one  ascends  the  slopes  of  Nial-Dagh  from  Mudschi,  one  passes 
across  a  series  of  zones,  which  in  petrograpbical  respects  differ 
from  each  other  distinctly.  The  series  is  as  follows,  beginning  from 
below : — 

1.  Compact  erey  thin-bedded  limestones,  tof^ther  with  light  grej  crrstalliiM 

thick-beaded  limestones,  both  of  these  alternating  with  soft  stratified  tafb, 
which  are  often  much  weathered. 

2.  Eruptives  yarying  from  dark  grey  to  a  greyish -green  together  with  the  accom- 

panying tufts,  the  first  forming  compact  rocks  of  andesidc  and  basaltic 
character,  which  often  split  spheroidally,  the  latter  being  foliated  or  thinly 
bedded. 

3.  Dark  grey  shaly  tuffs  together  with  conglomerates  and  pudding-stones;  the 

pebbles  of  eruptive  material  or  limestone ;  the  matrix  calcareous  or  tuff-like. 

4.  Light  grey  crystalline  limestones  in  thick  beds,  with  greyish  gjeen  shaly  and 

much  weathered  tuffs. 

5.  Dark  clay-slates,  sometimes  with  green  calcareous  layers  intenrening  ;  in  some 

of  the  conglomerate  btnis  green  grains  are  abundantly  distributed  and  probably 
come  from  disintegrated  eruptive  materiaL 

6.  Light  grey  limestones  and  greyish  green  tuffs,  as  in  4. 

7.  Thinly-laminated  clay-slates,  sometimes  strongly  ferruginous,  in  thin,  reddish 

brown,  sandstone-like  beds,  and  with  numerous  veins  of  calc-spar. 

Tlie  whole  of  this  complex  of  strata  reaches  a  thickness  of  some 
8260  feet.  In  1  the  dip  was  65°-70°  N.N.E.,  and  the  strike 
N.  60°  W. ;  in  4  the  dip  was  62°-G5°  N.E..  while  the  strike  lay 
N.  45°  E.    At  the  pass  (6600  feet)  the  strata  of  7  stood  vertically. 

I  will  now  shortly  state  the  observations  I  made  during  the 
passage  of  the  Qerdiman-tschaj  gorge.  The  direction  is  N.K  to 
S.W.,  the  length  about  five  miles,  and  to  the  S.W.  the  defile 
increases  in  width,  while  the  mountains  decrease  in  height. 

At  the  entrance  of  lAie  gprgft,  ai  \\V\\^  ^,  q^  La^tsch,  come  fiist 
the  same  day-slates  wYnoYi  w»w^^  ^^  ^tft»X«t  ^^ax.  ^i  ^^\A54W!h 
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alley ;  here  the  strata  dip  sharply  towards  the  N.  Then  come  two 
lick  systems  of  strata,  standing  almost  vertically,  and  consisting 
f  light  half-crystalline  limestones,  which  correspond  to  the  two 
actions  4  and  6  in  the  ahove  Nial-Dagh  profile,  and  are  separated 
y  a  series  of  clay-slates  (section  5  in  the  preceding  profile).  One 
^en  passes  some  dark,  shaly,  and  often  tuff-like  strata,  corresponding 
)  section  3,  and  enters  a  zone  of  massive  basalts  and  andesites, 
nswering  to  section  2  in  Nial-Dagh.  So  far  there  is  complete 
orrespondence  with  the  Nial-Dctgh  profile,  though  there  the 
mptives  appear  only  once,  while  in  the  S.  portion  of  the  river 
prge  they  form  three  several  divisions  of  the  profile.  Between  the 
nt  and  second  masses  of  basalt,  reckoned  from  the  N.,  is  a  narrow, 
loeely  compressed  fold  of  limestone,  which  has  both  its  limbs 
ipping  isoclinally  to  the  N.,  and  is  encased  in  a  mantle  of  slate, 
."he  second  and  third  masses  of  basalt  are  separated  by  thick 
ompound  folds  of  slate,  which  have  a  general  dip  to  the  N. 

If  we  now  summarise  the  facts  that  I  have  adduced  as  to  the 
geological  structure  of  the  various  parts  of  the  G^rdiman-tschaj 
alley,  we  see  that  the  upper  basin  of  the  river  on  the  S.  slope  of 
^aba-Dagh  consists  of  hard  and  compact  rocks,  but  that  shortly 
ffcerwards  the  channel  passes  into  the  looser-slate  of  the  Lagiisch 
sgion,  where  an  open  cauldron-like  valley  has  been  formed  by 
rosion.  On  entering  the  hard  limestones  and  eruptive  rocks  of 
he  mountain  ridge  now  barring  its  way,  the  river  has  had  its 
hannel  again  constricted  to  a  narrow  cleft,  as  erosion  has  here 
»een  unable  to  do  more  than  maintain  a  narrow  furrow,  at  a  level 
Fhich  has  kept  pace  with  the  continual  sinking  of  its  upper  basin 
y  ordinary  denudation. 

Our  consideration  of  this  valley  will  thus  lead  us  to  the  same 
onclusion  that  we  arrived  at  in  the  case  of  the  Sulak.  Originally 
he  river  bed  lay  at  a  much  higher  level  and  passed  over  the  ridge 
•f  Nial-Dagh  instead  of  cutting  through  it  Subsequently  the  wide 
jagitsch  valley  has  been  hollowed  out  by  the  denudation  of  the 
cose,  soft  slates  in  which  it  lies.  With  this  denudation  and  con- 
equent  sinking  of  level  the  river-erosion  which  went  on  below,  on 
he  Nial-Dagh  section,  has  been  able  to  keep  pace,  and  the  stream, 
working,  so  to  say,  after  the  manner  of  a  saw,  has  cut  a  deep  groove 
hrough  the  mountain  ridge  of  hard  and  compact  rocks. 

It  is  well  worthy  of  notice  that  the  river  has  chosen  a  point  in  the 
idge  where  for  the  sake  of  a  channel  it  had  to  cut  through  three 
lUge  columns  of  basalt  and  where  the  work  of  erosion  must  have 
leen  considerably  more  difficult  than  farther  east  This  fact  is  in 
all  agreement  with  the  circumstance  that  transverse  valleys  of  this 
:ind,  as  is  shown  by  observations  elsewhere,  often  cut  their  way 
hrough  some  mass  or  column  of  hard  rock  which  could  easily  have 
>een  circumvented.  This  should  be  a  proof  that  such  channels 
lave  originally  passed  at  a  far  higher  level,  when  the  obstacle  in 
[uestion  was  absent,  and  that  they  have  since  contrived  m  %s<^\\ib  ^1 
t  to  pursue  the  course  they  had  once  adopted. 

77ie  Gerdiman-tBchaj  shows  us  well  that  tixe  ru\^  ol^ttassasasafe  ^^. 

DBCADB  UL^TOL.  Till. — VO,  IX.  ^ 


I 


(Conctadid/rom  the  Am, 

On  ttie  Italian  aide  of  the  Alps  a 
U  OD  the  Swiu  side.  But  these  It 
hateaik,  «ra  not  wi<Ier/at<I  by  g^ladsl 

Evidently,  then,  they  affnrd  even 
period  than  tiioM  on  the  Swiss  side 
■eemi  to  confess ;  for  he  writes  of  t 

"  Hiey  are  dearly  of  older  date 
or  dilnviiil  deposits  in  Northern  1 
question  of  loosl  geology,  one  oc 
donbtjng  their  pre-glsoial  age."  ' 

And  yet,  taking  them  along  with  1 
similar  vitness  to  an  interglaoial  pei 

With  regard  to  the  "marine  sand 
to  be  oontemporaneons,  Prof.  Oeikie 
fossil  shells  insufficient  to  estahlisfa  t 

The  number  of  extinct  species  in 
15  to  20  per  cent. ;  and  if  we  oom{ 
extinct  species  of  the  Norwich  Crsj 
that  the  beds  are  preglneial. 

Prof.  Geikie  points  ont,  however, 
OODolnsive  when  oonfined  to  the  sam 
we  substitute  the  Italian  Pliocene  f< 
oonolusion  is  snggested.  For  in  the 
per-centHge  of  extinct  shells  ia  83, 
these  Italian  Pliocene  are  rightly  clac 
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the  Alps.    Matnmalian  remainB  are  found  in  Swiss  lignites,  and  are 

of  distinotly  recent  aspect :  they  are, — 

(1)  Aiiatio  Elephant  (EhpUa  Indieut)  (£,  tmiiquut  P). 

UruB  (Bo8  primigtnim), 
(7)  Stag  IC&rvtu  elaphui). 
(3)  Cave  flear  {Urnu  tpelaut). 

Rhinoceros  sp.  {B.  M$rkii?), 

(1)  It  is  somewhat  difficult  to  decide  how  old  a  deposit  may  be 
which  contains  this  living  species,  as  it  is  so  seldom  found  fossil. 

Writing  in  1868,  Dr.  Hugh  Falconer  states  that,  <<  There  is  no 
good  evidence  of  the  existing  Indian  Elephant  having  as  yet  any- 
where in  India  or  in  Europe  been  met  with  in  the  fossil  state."  ^ 

And  according  to  Woodward  and  Sherbom  (British  Fossil  Verte- 
brata)  it  has  not  been  found  fossil  in  Britain. 

(2)  This  species  is  found  in  the  ossiferous  caves  of  Wales  and 
Gibraltar,  in  the  Norfolk  Forest-bed,  in  Pleistocene,  Prehistoric,  and 
Historic  deposits.  This  leaves  a  wide  margin  for  the  age  of  the  beds 
in  which  it  occurs. 

(3)  This  occurs  in  the  Forest-bed,  in  the  Pleistocene,  and  in  the 
caves.     Again  no  evidence  as  to  age. 

On  the  whole  such  an  assemblage  might  have  occurred  at  any 
period  from  late  Pliocene  to  Postglacial  times.  And  yet  the  general 
aspect  of  such  a  fauna  suggests  a  later  period  than  one  in  which 
15  or  20  per  cent,  of  the  Mollusca  are  extinct. 

And  finally,  even  if  the  lignites  are  interglacial  as  to  position,  this 
does  not,  as  we  have  seen,  necessarily  indicate  a  warm  interglacial 
climate. 

In  America,  again,  Professor  Qeikie  finds  evidence  of  warm  inter- 
glacial conditions : 

*' Another  interesting  feature  in  the  American  glacial  deposits  is 
the  occurrence  of  intercalated  fossiliferous  beds." ' 

According  to  Prof.  Newberry  the  succession  of  changes  indicated 
are  as  follows : 

1st.  A  period  of  a  great  continental  glacier  or  ice-sheet. 

2nd.  The  retreat  of  the  ice,  and  the  appearance  of  a  vast  fresh- 
water lake  (covering  a  large  part  of  Ohio),  in  which  were  deposited 
the  Erie  clays,  etc. 

3rd.  The  silting-up  of  the  lake,  and  the  advent  of  a  luxuriant 
forest-growth. 

4th.  The  submergence  of  the  land  and  the  deposition  from  floating 
ice  of  blocks  and  boulders. 

And  the  resulting  succession  of  beds  was  as  follows  in  descending 

order : 

1.  Iceberg  drift. 

2.  Forest  bed. 

3.  Erie  clays. 

4.  Glacial  orift. 

The  "Iceberg  Drift"  above  the  Forest  Bed,  however,  does  not 
necessarily  imply  a  return  of  Arctic  conditions  after  a  mild  interval ; 
it  may  simply  represent  a  phase  in  the  gradweiV  t^\x%«X  qH  "^^  v» 
when  its  Boutbem  extent  was  still  greater  tVian  \\i  \^  ^o-^^'^ . 

'  Pal,  Mema.  rol.  ii,  p.  157.  *  Qreatlce  K%<d«'^*  ^^^- 


p/iust-s— ol  the  ica,  rather  ihuu  tl 
lit'lwefu  two  jieriodH  ofcolJ. 

And  tlii»  ia  iLe  opinion  to  whU 
loDged  and  careful  study  of  the  g 
of  North  Amerioa,  although  it  is  io 
Other  Amerioan  geologists.  In  hia 
ezpruaee  bimaelf  thus ; 

"  A  thorough  study  of  the  oonditi 
foTHt  beds  bears  strongly,  ss  I  oai 
plete  separation  of  glacial  epoobs  in 
the  facts  about  to  be  ennmerated,  it 
the  buried  regetable  deposits  uni 
a  warm  climate,  but  a  climate  muol 
a  Tegetation,  in  fact,  as  ivould  natun 
The  haried  forests  of  Sonthem  01 
lo  those  yra  desoribed  in  Glacier 
ooniferons  trees  are  prodomiiuuiL" ' 

And  again, 

"  TJsaally,  as  has  been  remarked,  1 
wood  have  been  assumed  to  imply 
glaoial  periods.  But,  from  what  1 
appear  that  the  facts  point  rather  to 
recession  of  the  ioe-front,  analogoi 
pn^;ress  in  the  Alpine  glaciers,  as  he 

At  the  same  time  Dr.  Wright  ac 
some  of  the  more  northern  deposits  : 

"  It  must  be  oonfessed,  however,  tl 
vegetal  deposits  still  further  north,  < 
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lire  described  by  Mr.  Clement  Eeid  ^  as  "  well-laminated  ripple- 
marked  clays  and  marls  with  seams  of  fine  false-bedded  sand, 
deposited  on  the  hummooky  surface  of  the  First  Till,"  and  are  in 
tnrn  overlaid  by  the  Second  Till.  They  have  not  yielded  any 
fossils  except  shell  fragments  derived  from  the  Boulder  Clay,  and 
Mr.  Eeid  is  led  to  the  following  conclusions  as  to  their  origin  : 

*'  The  absence  of  all  signs  of  life  appears  to  point  to  a  freshwater 
origin  for  these  beds,  and  for  the  similar  unfossiliferous  laminated 
clays  which  are  so  common  in  glacial  deposits  in  other  parts  of 
England.  Modem  glacial  lakes  show  a  similar  barren  character  '* 
(p.  88). 

Finally,  Mr.  Reid  does  not  consider  that  they  afford  evidence  of 
an  inter-glacial  warm  climate : 

'*  After  the  deposition  of  the  First  Till,  the  ice  appears  to  have 
retreated,  perhaps  only  for  a  few  miles,  leaving  the  Boulder  Clay 
with  a  curious  hummocky  surface,  over  which  was  deposited  ripples- 
marked  clay  and  marl  in  thin  beds.  This  deposit  seems  to  be 
glacial  mud,  such  as  would  flow  from  beneath  the  ice,  and  be  spread 
over  the  surface  lately  abandoned.  Such  an  evenly-bedded  loam 
cannot  be  taken  as  sufficient  evidence  of  an  inter-glacial  warm 
climate,  though  it  is  traceable  nearly  continuously  for  at  least  four 
miles ;  for  at  the  present  day  glaciers  of  the  Alps  and  the  ice  of 
Greenland  advance  and  retreat  short  distances  without  any  very 
marked  cause." ' 

Nor  do  the  sands  which  come  between  the  second  Till  and  the 
Boulder  clay  or  Stony  loam  afford  any  stronger  evidence.  They  are 
described  as  "fine  false-bedded  loamy  sands,  always  chalky  and 
carbonifergus,  and  of  a  peculiar  pale  tint,  easily  recognizable ; " 
and  they  rest  on  the  eroded  surface  of  the  Till.  Like  the  beds 
between  the  first  and  second  Tills  they  have  yielded  no  fossils. 

And  this  so-called  Boulder-clay  is  a  deposit  of  rather  a  curious 
character.  In  general  composition  according  to  Mr.  Beid  it  is  much 
like  the  underlying  till,  but  it  contains  bedded  masses  of  sand  of 
which  the  bedding  is  often  vertical.  It  perhaps  marks  an  advance 
of  the  ice  less  pronounced  than  that  which  produced  the  second  Till, 
and  which  permitted  more  freely  the  action  of  streams. 

The  inconclusive  nature  of  the  evidence  derived  from  the  inter- 
calated sands  and  gravels  is  further  illustrated  by  a  study  of  those 
of  South  Lancashire  as  described  by  Mr.  A.  Strahan  (Q.J.G.S.  vol. 
42,  p.  362). 

According  to  Mr.  Strahan  these  sands  and  gravels  "usually 
underlie  Boulder-clay."  Yet  there  is  no  evidence  of  glacial  action 
beneath  them :  '*  Lastly,  it  is  almost  invariably  under  Boulder-clay 
that  the  rock  has  been  found  to  be  striated.  Though  the  sands  and 
gravels  are  included  among  the  glacial  deposits,  the  Boulder-clays 
alone  show  direct  evidence  of  the  action  of  ice."  On  the  Welsh 
coast,  on  the  other  hand,  Boulder-clay  is  described  lying  beneath 
marine  drift:— "The  occurrence  of  a  tough   blue  ba,^m^\il  ^v| 

1  Geology  of  the  Country  around  Cromer,  'M.eia.  Qt^V  ^^Qcrv  - 
'jUiUo,p,91. 
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ineB,  most  of  which  are  scratohed,  tindemeath  the 
lie  drift  of  the  Welsh  coast,  has  been  previously  noted." 
*t  these  eaniia  end  gravels  are  interglacial  resta  on 
,  that  the  beils  thus  lying  above  the  Boulder-clay  in 
r  the  same  age  as  those  lying  beneath  it  in  another. 

'rofessor  Geikie  as  evidence  of  the  mild  climate  he 
nve   prevailed.     Yet  similar  remains  are   noted  as 
aTillitsoif: 

s  of  ihe  Till  itself  fosaih  aometiroes,  but  very  rarely, 
of  the  Mammoth,  Eeiiideer  antlers,  and  fragments  of 
a  time  to  time  been  discovered  in  this  position."  ' 
0  so  many  ways  in  which  such  remains  as  are  foand 
ted  beds  might  come  to  be  imbedded  in  them  that  a 
kl  olimate  should  not  be  assumed  without  very  strong 

le  generally  inferred,  that  the  glacial  conditions  drove 
1,  and  other  temperate  forms,  out  of  the  country,  and 
lerval,  and  a  union  of  England  with  the  continent, 
.  allow  of  their  return. 

t  possible  they  may  have  lingered  in  the  eouthem 
itricta.    migrating   northwards   during  the   summer, 
ly  leaving  their  remains  where  glacial  deposits  were 
wn?     And  a  BuccesBion   of   warm    summers    might 
i   travel  to  higher  latitudes  than  usual.     And  it  is 
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And  Colonel  Tanner,  in  his  description  of  a  Himalayan  glacier, 
shows  how  vegetation  and  ioe-action  may  overlap.  The  following 
passage  occurs  in  a  paper  read  before  the  G^graphical  Society 
(see  Naiwe,  April  30th,  1891,  p.  622)  :— 

"  Speaking  of  the  Himalayan  glaciers.  Colonel  Tanner  stated  that 
the  most  extensive  and  picturesque  he  has  ever  seen  are  in  the  Sat 
valley,  which  drains  the  southern  face  of  the  Rakaposhi  mountain  in 
Gilgit  Three  great  glaciers  come  down  into  this  valley,  and 
dispute  with  the  hardy  mountaineers  for  the  possession  of  the  scanty 
area  of  the  soil.  Here  may  be  seen  forests,  fields,  orchards,  and 
inhabited  houses  all  scattered  about  near  the  ice  heaps.  The  only 
passable  route  to  the  upper  villages  in  this  valley  crosses  the  nose 
of  the  greatest  of  the  three  glaciers,  and  threads  its  way  over  its 
frozen  surface.  This  glacier  is  cut  up  into  fantastic  needles  of  pure 
green  ice,  some  of  which  bear  on  their  summits  immense  boulders. 
About  half  a  mile  from  its  lower  end  or  nose,  Colonel  Tanner  found 
an  island  bearing  trees  and  bushes,  and  at  one  place  above  this 
a  very  considerable  tarn  of  deep  blue-green  water.  The  glacier  had 
two  moraines  parallel  to  it  and  with  each  other,  and  both  bearing 
pine  trees." 

Dr.  Wright  also  describes  the  close  proximity  of  glaciers  and  an 
abundant  flora  and  fauna  in  North  America  at  the  present  day  : 

"  The  mountains  on  each  side  of  Muir  Inlet  rise  immediately  from 

the  water  from  three  thousand  to  five  thousand  feet.     These  we 

often  ascended,  and  were  thus  permitted  repeatedly  to  behold  one  of 

the  most  marvellous  views  anywhere  to  be  found   in  the  world. 

At  that  seasdh  the  level  places  around  our  feet  upon  these  summits 

were  carpeted  with  soft  green  grass,  interspersed  with  large  areas  of 

flowers  in  full  bloom.     Here  were  extensive,  gorgeously-coloured 

flower-beds,  where  bluebells,  daisies,  buttercups,  violets,  the  yellow 

arnica-flower,  and  the  purple  epilobium,  were  striving  for  mastery 

or  for  recognition.     On  the  northern  slopes  of  slight  elevations  great 

masses  of  snow  were  preserved  in  the  very  midst  of  these  brilliant 

flower-gardens,  and  fi'om  their  melting,  clear  little  pools  of  water 

were  on    every   hand  inviting   us   to   drink.      ITie  tracks  of  the 

mountain  goat,  the  mountain  lion,  and  of  various  smaller  animals, 

and  the  songs  of  birds  witnessed  to  the  abundance  of  animal  life.  .  .  . 

In  such  a  setting  of  grandeur  and  beauty  we  gazed  upon  the  full 

face  of  the   great  glacier  itself  lying  at  our  feet.     Below  us  its 

diminishing  outlet  disappeared  in  the  waters  of  the  bay.     Distance 

made  the  rough  places  plain,  and  lent  enchantment  to  the  view. 

Down  from  the  mountains  in  every  direction  from  the  north  came 

the  frozen  torrents  ; — 

Glaciers  to  the  right  of  us, 
Glaciers  to  the  lett  of  us. 
Glaciers  in  front  of  us. 

Volleyed  and  thundered — 

pouring  into  a  vast  amphitheatre,  and  then  uniting  their  volumes, 
preparatory  to  their  exit  through  the  entrance  iulo  Maxxx  \\Aft\.r  '^ 

^  Ditto,  pp.  87-39. 
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riter  fnrlher  describes  some  of  the  islands  in  Glsoier 
■ad  of  which  18  Muir  lolet-as  covered  with  vegBt»- 
tlje  moutL  of  Glacier  Bay  is  a  cluster  of  low  istandB 
Comrannder   Beardelee.  of  the   United  Slalee  Navj. 
nty.five  or  thirty  of  these,  and  they  are  composed  of 
—  evidently  s'lciol  <fc6ri» — a  da       n  s  n  ing  oon- 
t  of  the  islands  and  shores    n  so    h           m  Aliska, 
te  all  the  otiier  land  to  the      u  b    a            ered  with 
Bts,  though  the  trees  are  of  m  d  ra 
B  tiint  a  very  slight  sdvanc           h      ce —  uch  as  ore 
of  common   occurrence — mi   h                   b  s     egetatiOD 
tposile  and  present  all  the  ph       m  na            nterglacial 

I  action  of  ice  is  furnished  by  the  phenomena  of  the 
des  in  India. 

descend    there  below  U.OOO,  and  very  few  beiow 
WO ;    and  it  has  been  shown  by  Mr.  Lydekker  that 
fiqnut  ieinioniin)  and  Yaks  {Boa  gnmnieiis)  live  there 
f  lo,000  feet.    That  remains  of  these  could  very  easilj 

II  glacial  deposits  is  obvious.' 

'egetntion    mny   occur  on   the   higher  ground,    while 
■llcys  are  filled  with  ice,  is  indicafed  by  Lydekkei'a 
jjlaciers  of  Baliistan. 
a  glacier  he  writes  ; 
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connexion  with  this  point  some  remarks  of  Sir  Charles  Lyell  in 
relation  to  existing  conditions  in  Qreenland  should  be  borne  in  mind. 

**  The  perpetual  snow/'  he  writes,  '*  usually  begins  at  the  height 
of  2000  feet,  below  which  level  the  land  is  for  the  most  part  free 
from  snow  between  June  and  August,  and  supports  a  vegetation  of 
several  hundred  species  of  flowering  plants,  which  ripen  their  seeds 
before  winter.  There  are  even  some  places  where  phenogamous 
plants  have  been  found  at  an  elevation  of  4500  feet,  a  fact  which, 
when  we  reflect  on  the  immediate  vicinity  of  so  large  and  lofty 
a  region  of  continental  ice  in  the  same  latitude,  well  deserves  the 
attention  of  the  geologist,  who  should  also  bear  in  mind  that  while 
the  Danes  are  settled  to  the  west  in  the  '  outskirts,'  there  exists  due 
east  of  the  most  southern  portion  of  this  ice-covered  continent,  at 
the  distance  of  about  1200  miles,  the  home  of  the  Laplanders  with 
their  Eeindeer,  Bears,  Wolves,  Seals,  Walruses,  and  Cetacea.  If, 
therefore,  there  are  geological  grounds  for  suspecting  that  Scanda* 
navia  or  Scotland  or  Wales  was  ever  in  the  same  glacial  condition 
as  Qreenland  now  is,  we  must  not  imagine  that  the  contemporaneous 
fauna  and  flora  were  everywhere  poor  and  stunted,  or  that  they  may 
not,  especially  at  the  distance  of  a  few  hundred  miles  in  a  sotUkward 
direction,  have  been  very  luxuriant."  ^ 

Nor  must  we  lose  sight  of  the  possibility  that  the  land  extended 
further  south  in  glacial  times  than  now ;  or  was  even  perhaps  joined 
to  the  continent.  For  it  is  still  a  moot  point  whether  glacial  Britain 
was  a  cluster  of  low,  ice-covered  islands,  or  a  highly  elevated 
glaciated  region  surrounded  and  united  to  continental  £urope  by 
a  great  plain  inhabited  by  an  abundant  flora  and  fauna. 

We  must  further  remember  that  the  supposition  that  the  ice-sheet 
extended  thus  far  south  is  founded  on  the  hypothesis  that  the  Till 
was  formed  beneath  the  ice-sheet,  and  this  view  of  its  formation  is 
by  no  means  certain  or  universally  received. 

Prof.  Boyd  Dawkins,  for  example,  points  out  that  the  evidence 
from  ''  causes  now  in  operation  "  is  against  this  view.  For,  as  he 
remarks,  no  similar  deposit  is  found  where  glaciers  or  ice-sheets  have 
retreated ;  whereas  in  Davis  Strait  an  analogous  formation  is  being 
laid  down  by  the  water  from  the  melting  ice  entering  the  sea. 

If  this  view  of  the  formation  of  the  Boulder-clay  be  adopted,  the 
ice-sheet  may  be  supposed  to  have  terminated  much  further  to  the 
north,  and  the  difficulty  of  supposing  a  part  of  the  pre-glacial  fauna 
and  flora  to  have  found  an  asylum  much  lessened. 

The  peculiar  flora  of  the  south-west  of  Ireland  seems  to  me  to 
afford  a  hint  that  a  portion,  at  least,  of  our  plants  and  animals  were 
not  entirely  driven  out  of  the  country.  For  there  are  difficulties  in 
the  way  of  the  supposition  that  this  peculiar  flora — not  now  found 
further  north  than  Spain  and  Portugal — migrated  there  after  the 
glacial  epoch ;  and  Prof.  Forbes,  in  his  essay  on  the  fauna  and  flora 
of  the  British  Isles,  inclines  to  the  view  that  the  migration  took 
place  before. 

If  this  is  true,  these  plants  must  have  snrvW^  VXi^  QXassv^  ^^oi^N 
and  if  tbeae,  why  not  many  others  of  our  pVaxiVa  %xi^  ^Ya>»^^ 

'  iintiqiiity  of  Man,  p.  21^. 
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It  18  offered  by  the  fact  that  the  glacial  drift  of  tba 
id,  ftnci  of  parts  of  Ireluid,  oontaiiiB  mollusca  of  a  more 
t  than  that  of  the  east  Bide  of  the  fortner.     For  it 
suppose  a  milder  climate   existiog  od   the    west  all 
sriod  of  cold,  and  thus  affording  a  retreat  for  forma 
.her wise  have  perished. 

gli  the  question  of  the  probability  of  mammalian  and 
n  the  glacial  drift  of  Britain  without  the  intervention 
sals,  cannot  be  definitely  settled  until  the  preliminafy 
ent  of  the  land  of  the  Glacial  period  ia  disposed  of, 
Ben   brought   forward    to   show  how  easily  it  might 
«rtaiii  conditions. 

lay  be  affirmed  that  the  svideiice  that  the  intercalated 
rels  were  formed  during  a  mild  interglacial  period  ia 
lie  conclusive;    that  while  they  are  noi  the  sort  of 

a  priori,  expected  as  the  result  of  a  mild  interval, 
Qch  as  would  naturally  result  from  the  action  of  Bub- 
i,  (he  oscillations  in  the  extent  of  the  ice  causing  the 
:  glaoial  and  aqueous  deposits,  and  the  work  of  the 

that  a  gradually,  but   intermittently,  advancing  Joe- 
?r,  uouH  not  avoid  overwhelming  and  burying  in  its 
3SeB  of  vegetation,  while  the  latter,  closely  following 
ice,  and  growing  on  its  hccuiii illations,  ould  not  fail 

to  be  buried  beneath  the  deposits  of  some  temporary 
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miles,  and  shearing,  so  largely  affeoting  Mr.  Middlemiss's  views, 
and  which  arm  his  oridoisms,  were  in  their  early  infancy  or  still 
unhom,  and  had  not  been  developed  by  the  ezhaastive  researches 
in  complicated  districts  of  the  Scottish  geologists,  whilst  complex 
superficial  displacements  from  landslip  abounded  in  degree  and 
magnitude  sufficient  to  render  condnsions  as  to  inversions,  eta,  such 
as  the  paper  advances,  very  doubtfuL 

One  conclusion  (not  the  author's  alone),  namely,  that  the  Boulder 
beds  form  a  single  continuous  horizon,  seems  incontrovertible  upon 
the  accepted  evidence  advanced  for  unconformity.  This  relation  is 
easier  to  understand  when  it  is  assumed  that  the  Salt  Marl  is  an 
accidental  associate,  and  not  integral  as  an  original  basal  part  of  the 
series.  Begarded  as  of  the  latter  nature,  in  intimate  connexion 
with  the  lowest  succeeding  members,  whether  boulder  conglomerates 
or  sandstone,  it  was  of  course  impossible  to  hold  such  boulder 
rocks  to  be  contemporaneous  with  others,  at  a  higher  stratigraphical 
level,  in  an  apparently  perfectly  conformable  sequence.  The  inter- 
pretation depended  upon  the  existence  of  either  conformity  or 
discordance  within  beds  lying  in  a  general  way  more  or  less 
horizontally,  and  the  question  formed  one  of  those  problems  more 
likely  to  be  solved  by  the  application  of  broad  considerations  than 
of  local  details. 

The  paper  itself  suggests  an  illustration  of  this  where  reference 
is  made  to  derived  pebbles  as  proofs  of  discordance;  for  it  is  an 
uncontested  fact  that  sandstone  beds  en  the  Eocene  group  trans- 
Indus  enclose  rounded  pebbles  of  fossiliferous  Nummulitic  limestone, 
and  are  overlaid  by  conformable  beds  of  similarly  fossiliferous 
Eocene  limestone  with  little  or  no  disturbance  (Mem.  G.  S.  I.  vol.  xi. 
p.  35,  eL  s.).  In  other  cases  formations  containing  rolled  fragments 
of  their  own  rocks  have  also  been  recorded.  The  inference  from 
these  cases  is  quite  as  strongly  in  favour  of  conformity  as  of  dis- 
cordance :  in  fact,  as  strict  evidence  of  the  latter,  the  occurrence  of 
these  pebbles  has  little  or  no  weight.  If  this  be  true  of  trans- 
Indus  Nummulitic  pebbles,  why  should  it  be  otherwise  as  to 
dolomite  pebbles  from  the  Salt  Marl  in  an  overlying  conglomerate  ? 
or  as  to  Eocene  limestone  pebbles  in  the  next  Tertiary  layers  above  ? 
In  each  case  the  separation  as  to  time  is  reduced,  and  the  likelihood 
of  a  break  diminished,  leaving  to  wider  general  considerations  rather 
than  to  dogmatic  rules  the  position  of  the  safest  guides.  At  the 
same  time  the  contention  of  Mr.  Middlemiss  may  be  correct,  but 
the  case  affords  an  instance  in  which  each  observer  is  at  liberty  to 
form,  or  even  to  alter,  his  own  conclusions  according  to  his  lights. 
The  most  important  part  of  the  paper  is  the  author's  suggestion 
that  the  sub-Cambrian  Salt  Marl  has  no  ordinary  stratigraphic 
relations  with  the  rest  of  the  series,  but  is  of  plutonic,  igneous  or 
deep-seated  origin,  introduced  in  Tertiary  times,  accompanied  by 
lateral  and  vertical  disturbance,  thrusting,  and  shearing.  The  idea 
of  an  Igneous  or  deep-seated  origin  for  rock-salt  formations  k  iixot 
new;  it  was  oonBidered  and  discussed  bo  iax  «^  ^o%«^^  \^V^^^ 
my  Salt  Bange  Memoir  was  written,  but  tiiei^  Aaj^  hqX.  V\\ko^  ^ftwoi. 


Prof.  T.  G.  Bontify  and  MUs  Sauin— 

nee  to  found  a  case  adverse  to  the  geDerally  reoeivid 
luctioD  of  aaline  deposits.     I  gnther  that,  notwitb- 
is  DOW  advanced,  the  case  is  stil!  incomplete,  j«t 
iddlemies  will  follow  ap  the  subject  to  conolasioni 

tie«  on  both  sides  of  the  IndQs. 
at  the  S»It  Bange,  the  facts  of  internal  lateral  tlinut 

in  laid  down  upon  something,  and  the  raarl  occupied 
6  visible  floor  to  the  rest.     Supposing  the  part  above 
loconformably  deposited,  what  conditions  would  have 
ift  saliae  marly  mass  to  have  received  later  aocufflu- 
if  it   was    found    immediately  succeeded    by  earthy 
up  into  sandstones,  the  main  conditions  for  tranquil 
d  seem  to  have  been  present  as  I  saw  the  sections. 
en  tlie  brecciated  junctions  of  the  Purple  sandstone 
rlying  marl  as  described  in  the  paper,  nor  do  I  quite 
:h  a  condition — not  merely  superficial,  but  the  result 
on — might   be  established    between   substances  like 
ind    biird    sandstone.     Tliis,   of   course,    is    said   with 
object  to  correction  by  students  of  earth- movements, 
:   BO  fonh,  which  I  have  not  had  the  advantage  of 
1  natural  exposures. 
tly  interested   in   Mr.  Mid-llemiss's  frank,   able,  and 
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by  Prof.  T.  Bapert  Jones  and,  by  kind  permifision  of  Prof.  Bonney, 
was  submitted  to  him  for  examination,  in  packets  marked  I. — YIII. 
and  X.  Specimen  No.  IX.  was  sent  many  years  ago,  as  a  trap- 
rock  with  garnets  from  the  Yaal  Biver,  by  Mr.  Bobert  Crofts 
Jones. — T.  B.  J.] 

For  the  most  part  the  specimens  were  too  small  to  permit  of 
slices  being  made ;  the  results  therefore  were  in  such  cases  obtained 
by  examining  the  powder  got  by  crushing  the  fragments. 

L  a.  The  green  mineral  is  Enstatite,  and  is  associated  with  a 
colourless  transparent  mineral,  appearing  cracked  and  fractured, 
which  seems  to  be  probably  Topass. 

p,  A  clear  bright-green  crystal  of  Enstatite. 

7.  The  green  mineral  is  a  Pyroxene,  and  is  interoiystallized  with 
red  Garnets. 

^.  A  slide  was  prepared  of  this  specimen,  which  showed  that  it 
consisted  of  Garnets  enclosed  in  a  green  Pyroxene,  probably  Ompha- 
oite,  with  small  rifts  or  tubuli  traversing  the  crystal  transverse  to 
the  prism-zone.  A  colourless  transparent  mineral  is  associated  with 
the  Pyroxene ;  it  has  straight,  or  nearly  straight,  extinction,  and 
might  be  Zoisite  or  possibly  Eyanite. 

IL  a.  A  transparent,  pale,  resin-coloured  specimen  of  Topaz. 

/3.  A  bright  green  Pyroxene,  with  a  yellowish  or  greenish-grey 
mineral,  which  has  one  good  cleavage  and  straight  extinction,  and 
may  be  Zoisite.  Very  dull  purplish  Garnets  are  included,  and  flakes 
of  brown  Mica. 

7.  A  Pyroxene  of  rather  foliated  habit,  having  a  clear,  deep,  rich 
green  colour  and  a  sub-metallic  lustre,  apparently  like  the  Omphacite 
described  by  von  Drasche.  To  this  is  attached  a  white  fibrous 
mineral  evidently  a  carbonate,  probably  Calcite. 

h.  A  pale  sea-green  mineral  with  silky  or  pearly  lustre,  which 
shows  well-marked  cleavages,  breaks  into  rhomboidal  forms,  and 
appears  to  be  a  variety  of  Diallage. 

III.  Many  specimens  of  Iron-pyrites;  also  others  of  a  rock 
composed  of  Pyroxene,  Garnet,  and  (?)  Zoisite. 

IV.  a.  Matrix  seems  to  consist  of  minutely  granular  Serpentine 
and  Olivine  with  some  brown  Mica — a  ground-mass  apparently 
similar  to  that  in  the  slide  cut  from  specimen  YI.  Green  crystals  of 
Augite  are  enclosed. 

/3.  Garnets  enclosed  in  a  clear  greenish  mineral,  very  pale  in  tint 
when  seen  in  thin  flakes  under  the  microscope,  and  somewhat 
foliated ;  it  is  probably  a  pyroxene  of  the  nature  of  Omphacite. 

7.  Three  specimens  of  GameUpyroxene-mica'TOck,  as  described,  II.  /3. 

t.  Three  specimens  of  Qam€t-pyroxene'{^)zoi8ite-rock,  as  pre- 
viously described.  III. 

Y.  Specimens  of  Ilmenite  (called  "  carbon  "  by  the  miners). 

YI.  A  slide  prepared  from  this  rock  shows  a  ground-mass,  the 
constituents  of  which  are  difiScult  to  distinguish ;  it  appears  to  be  an 
irregular  mixture  of  brown  Mica,  brownish-green  Serpentine,  and 
a  dirty-looking  miqeral,  which  is  seen  with  polarized  light  as  an 
•aggregate  of  fine  granules,  and  in  parts  seems  to  be  associated  ^v<k 


Bonnet/  and  Mm  Ramn — Rocks  from  Kimierletf. 

in  a  Bub-ophitio  way.     Within  the  groand-maaa  an 
rystals  of  green  Angite,  also  red  Garnet  nnd  brown 

Olivine  is  in  good  preservation,  and  Serpentine  oocnrs, 

probably  an  Olivine  rather  rich  in  iron.     The  rook 
im  to  be  a  Oranati/erovt  Pierite. 
irregularly  cylindrical   bodies  consist  apparently  of 
ts  of  the  minerala  of  the  rooks,  Garnet,  Pyroiena,  etc, 
■ell-rounded  Quartz  grains,  all  the  constituents  being 

icretionary  and  have  formed  within  a  sandy  rock, 
examination  of  the  powder  obtained  by  croshing  a 
specimen  appears  to  be  Pyroxenic, — a  pale -green  i  ah 
alline  Augite. 

ck  conBista  of  red  Garnets,  with  rather  perfect  crystal 
li  in  a  brown  ground-mass.    A  slide  has  been  prepared 
that  the  mntrii^  consiiits  of  an  ill-defined  crystalline 
ig  either  incipient  or  partially -decomposed  forms  of 
ich   has    an  appearance    suggesting    crystal    outlines 
ke  character.     Some  QuarU  may  also  be  present    A 
>ccurs,  rather  iron-stnined.  and  somewhat  confusedly 
There  are  also  crystals,  which  are  short  stout  prisms, 
1,  terminating  in  basal  and  dome  planes,  transparent 
,  highly  refractive,  and  with  straight  extinction  ;  these 
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ginons  grit-stone ;  probably  from  the  Karoo  Beds.  15.  Sandstone ; 
from  the  Karoo  Beds.  Nos.  13  to  15  have  been  drifted  from  the 
Stormberg  and  neighbourhood  higher  up  the  country.  16.  Pebble 
of  brown  quartzite ;  possibly  from  the  Karoo  Beds. 

17.  Mundio  in  slate.  18.  Siliceous  schist,  or  brown  banded 
lydite.  19.  Jasper.  20.  Yein-quartz.  Nos.  17 — 20  have  been 
derived  from  the  old  rocks ;  probably  having  been  brought  up  from 
belowy  but  possibly  drifted  on  the  surface. 

The  mineral  contents  of  the  diamond-matrix  or  "  Blue  Gronnd  " 
of  Kimberley  (De  Beer's,  etc)  were  described  by  the  late  Professor 
H.  Carvill  Lewis  in  the  Qbol.  Mag.  1887,  pp.  22-24. 

The  diamond-yielding  gravel  of  the  Yaal  River,  partly  drifted 
from  the  igneous  and  the  old  rocks  of  the  higher  country  on  the 
East,  and  partly  derived  from  diamantiferous  necks  and  patches,  has 
much  analogy  to  that  of  the  refuse-heaps  or  washed  stuff  of  the 
diamond-mines.  The  constituents  of  the  Yaal  gravel,  and  of  that 
of  Dutoit*s  Pan,  are  enumerated  in  the  Oeol.  Mag.  1871,  pp.  66, 
56;  and  Quart  Joum.  GeoL  Soa  vol.  xxviii.  1871,  pp.  17-21. 


YII. — On  a  Glaoial  Mound  in  Glen  Fbuin,  Duhbabtonshibk. 

By  DuoALD  Bbll, 
Geological  Society  of  Glasgow. 

GLEN  FRUIN  *  is  a  quiet  secluded  glen,  about  six  miles  in  length, 
extending  in  a  north-westerly  direction  between  Lochlomond 
and  the  Gareloch,  and  opening  off  the  neck  of  land  which  divides 
those  lochs  at  between  200  and  300  feet  above  the  sea.  To  the 
south-east,  it  slopes  towards  Lochlomond,  of  which  the  Fruin  water 
is  one  of  the  principal  affluents.  On  the  west  it  is  divided  from  the 
Gareloch  by  a  range  of  hills  1000  or  1200  feet  in  height,  which  at 
its  upper  extremity  subside  into  a  col  or  pass  of  600  or  700  feet 
This  upper  part  of  the  glen  is  composed  of  the  mica  and  clay  slates 
common  to  the  Western  Highlands.  The  lower  part  is  formed  of 
beds  of  the  Calciferous  Sandstone  series,  which  have  here  been 
faulted  down  against  the  older  formations. 

The  upper  part  of  the  glen  bears  every  indication  of  having  been 
at  one  time  occupied  by  a  lake. 

A  huge  boulder  of  mica-schist,  resting  on  the  sandstone,  occurs 
near  the  foot  of  the  glen,  and  there  are  many  smaller  ones  in  the 
same  neighbourhood.  The  respected  Convener  of  the  Edinburgh 
Boulder  Committee,  the  late  Dr.  Milne-Home,  thought  this  large 
boulder  had  been  brought  by  an  iceberg  (which  was  his  favourite 
means  of  transport)  either  coming  down  Lochlomond  and  drifting 
aside  into  Glen  Fruin,  or  more  probably  finding  its  way  over  the 
head  of  the  glen  during  a  period  of  *'  great  submergence." 

The  iceberg  hypothesis  seems  to  be  attended  with  insuperable 
difficulties,  when  we  consider  (1)  where  such  large  icebergs  could 
be  formed  in  the  event  of  so  great  a  submergence  as  the  theory 

^  The  **  Glen  of  Sorrow;"  scene  of  a  Bangxdnary  con^Vct'Vi^^^^'iiVNsAC^Qjs^^'vwA 
snd  Afacgregora  in  1603.     (See  Introduction  to  *'  £Lob  Uo^  .''^ ) 


Fd/rf  Bell^Glacial  Mound  in  Glen  Fruin. 

(2)  by  what  poaaible  main  ourrenta  of  the  ocean, 
ould  move  them,  they  could  be  brought  to  these 
ositious.  For  these  and  other  reasons,  it  seem§  more 
uch  bouldera  owe  their  transport  to  a  great  sheet  of 

once  filled  the  glen  from  side  to  aide,  proceeding 
eshire  mountains  on  the  north-west,  and  overflowing 
1  at  the  bend  of  the  glen  as  also  that  at  the  head  of 
letween  it  and  Loohlong.' 

strongly  corroborated  by  the  phenomenou  we  have 
e,  viz.  a  remarkable  aioand  of  detritus  which  occura 
ile  farther  up  the  glen  than  the  large  boulder  referred 
for  a  considerable  distance  in  a  winding  line  across  the 
irection  from  S.W.  to  N.E..  i.e.  Iramverse  to  the  glen, 
[licuous  on  the  eastern  side  of  the  glen,  wheru  it  runs 
ibout  olM)  feet  above  the  sea,  "tailing  out"  on  the 
is  Lochlnmond  at  n  still  greater  elevation ;  but  it  can 
he  western  side  also,  in  the  same  general  direction, 
he  ground  is  lower,  and  not  bo  favourable  for  its 
It  is  composed  of  typical  moraine  matter — large  and 
ind  and  gravel,  confusedly  mixed  together ;  many  of 
g  distinctly  Blriafed.  Some  are  sandstones  from  the 
bbourhuoil ;  others,  schists  and  quartzes,  from  greater 

paries  from  10  to  20  or  25  feet  in  height,  and  from 
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oaBe  they  would  surely  h&ve  borne  distioot  morka  of  auortment 
stratifioatioQ,  espeoially  ia  looalitie§  where  strong  ourreuts  must 
a  beeu  in  operation. 

.  Nor,  finally,  is  there  any  proof  of  a  "great  submergenoe  " 
r  to  these  latest  works  of  the  ioe.  This  is  where  the  advocates 
nch  a  Bubmargenoe  join  issue.  They  maintain  that  there  was  a 
.  or  general  glaoiation,  then  a  deep  sabmergeaoe,  then  a  partial 
3oal  glaoiation,  by  which  all  distinct  traoee  of  the  aubmergenoe 
e  removed.  But  a  little  reflection  will  show  (a)  that  it  ia  very 
robable  any  subsequent  local  glaoiation  oould  remove  all  traoes 
he  sea's  presence  at  high  levels,  supposing  it  bad  been  there, 
seamarks  a  horizontal  line  and  goes  into  every  nook  and  cranny 
he  land  along  the  line ;  whereas  the  glacier  marks  a  deieettding 
,  and  keeps  to  one  main  channel,  not  branching  off  in  every 
otJon  as  the  waters  do.  The  area  of  the  glacier,  therefore,  conld 
coincide  with  that  of  the  submergence  so  as  to  remove  all  traoes 
he  latter.'    Then  (6)  if  such  traces  had  been  entirely  removed 


Fio.  2. — Geaeral  Ajpect  of  the  Uoand. 

a  every  glen  like  this  Qlen  Fruin,  they  should  at  least  be 
emibia  in  the  heaps  of  debris  which  the  ice  boa  left  near  the 
iths  of  such  glens.  All  over  the  country  there  are  innumerable 
:ial  mounds  and  heaps — the  "  sweepings  "  of  glens  which,  in  the 
I  of  the  alleged  submergence,  must  have  been  sheltered  inlets  of 
sea,  favourable  to  almost  every  form  of  marine  life.  These 
ps,  aa  well  as  the  Boulder-clay  of  the  oountiy  generally,  should 
jnd  in  fragments  of  marine  fossils,  if  there  had  been  kaqU  & 

>  Bee  Trana.  Oeol.  Soe.  of  Qlugoir,  to\.  vl.  -(.  \tl%. 
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instead  of  ^ing,  as  they  are  on   tbe  whole,  qoite 
gnnic  remains. 

ent  is  not  fouoJed  on  a  supposition,  bnt  on  a  fact, 
ice    can   be   shown    (by   the  atrioe    on    the    rocku, 

the  "drift."  etc)   to  have  passed  over  what  is  still 
what  there  is  no  doubt  naa  formerly  such,  during  a 

submergence,  there  also  numerous  fragments  of  sea- 
d  in  the  drift  or  Boulder-clay  ;  as  in  the  instance*  of 
■an,   Drymen,    Sonth  Ayrshire,    Holdemess,  Cromer, 

xx)unt  for:  (1)  the  absence  of  all  proofs  of  such  snh- 
tu  at  the  high  levels  to  which  it  is  supposed  the  sea 
(2)  the  absence  of  all  evidence  of  it  in  the  debrii 
ese  high  levels. 

S  E  -v  I  s  -w  s. 

jDCTfON    TO    THE   Study   of   M4mmalb    Livikg   and 
By  William  Hbnsy  Flower,  C.B.,  F.K.S..   D.C.L.. 
id  liioiJARD  LyDKKKBR.  B.A.,  F.G.S..  etc.,  etc.     8vo. 
id    7'5y,   Illustrated    with    357  Woodcuts.     (London, 
Charles  Black,  1891.) 
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twenty-fonr  figure*  in  the  text  are  brought  within  the  oomprehension 
of  the  youn^st  student  of  oomparative  anatomy. 

Chapters  lii.  and  iv.  (pp.  82  to  116)  are  devoted  to  the  Origin  and 
Classification,  and  to  the  geographical  and  geological  distribution 
of  the  class,  and  will  be  read  with  deep  interest  by  all  who  seek  to 
trace  the  beginnings  of  Mammalian  life  on  our  earth. 

So  long  ago  as  1879  Prof.  Huxley  came  to  the  conclusion,  that  in 
looking  among  the  Vertebrates  for  the  progenitors  of  the  Mammalia 
we  must  pass  over  all  known  forms  of  Birds  and  Reptiles  and  go 
straight  down  to  the  Amphibia,  ''they  are  the  only  air-breathing 
Vertebrates  which,  like  Mammids,  have  a  dioondylian  skull.  It  is 
only  in  them  that  the  articular  element  of  the  mandibular  arch 
remains  cartilaginous,  while  the  quadrate  ossification  is  small,  and 
the  squamosal  extends  down  over  it  to  the  osseous  elements  of  the 
mandible,  thus  afifording  an  easy  transition  to  the  mammalian  con- 
dition of  those  parte.  The  pectoral  girdle  of  the  Monotremes  is  as 
much  amphibian  as  it  is  sauropsidian ;  the  carpus  and  the  tarsus  of 
all  Sauropsida,  except  the  Chelonia,  are  modified  away  from  the 
Urodele  type,  while  those  of  the  Mammal  are  directly  reducible 
to  it."  In  1885  Prof.  Cope  called  attention  to  the  remarkable  re- 
semblance to  the  Monotremes  presented  by  the  skeleton  of  that 
group  of  early  Secondary  reptiles  which  he  then  designated  the 
Hieromorpha,  but  which  may  be  included  in  the  Anomodontia  of  Sir 
Richard  Owen,  and  came  to  the  conclusion  that  in  that  group  we 
have  the  true  ancestors  of  the  Mammalia. 

*^  Since  that  date  observations  made  on  the  structure  of  the  South 
African  Anomodontia  have  shown  such  an  intimate  connexion  between 
this  group  and  the  Labyrinthodont  Amphibians,  that  there  can  be  no 
hesitation  in  regarding  the  one  as  the  direct  descendant  of  the  other ; 
and  we  may  probably  regard  the  Mammalia  as  having  originated 
from  the  same  ancestral  stock  at  the  time  the  Amphibian  type  was 
passing  into  the  Reptilian.  From  this  point  of  view,  some  of  the 
mammalian  features  found  in  the  more  specialized  Anomodonte  may 
probably  be  regarded  as  having  been  acquired  during  a  parallel  line 
of  development." 

In  dealing  with  existing  forms  of  Mammals  we  find  that  they  have 
become  so  broken  up  into  distinct  groups  by  the  extinction  of  inter- 
mediate forms,  that  a  systematic  classification  is  perfectly  practicable. 

When,  however,  we  pass  to  the  extinct  world,  all  is  changed.  In 
many  cases  the  boundaries  of  our  groups  become  enlarged  until  they 
touch  those  of  others.  New  forms  are  discovered  which  cannot  be 
placed  within  any  of  the  existing  divisions,  and  they  are  no  longer 
safficient  for  the  purpose,  and  some  other  method  will  have  to  be 
invented  to  show  the  complex  relationships  existing  between  dif- 
ferent animal  forms  when  viewed  as  a  whole. 

We  quite  agree  with  the  authors  that  a  linear  classification  cannot 
be  made  to  express  the  many  inter-relationships  existing  between 
the  different  families  and  orders ;  indeed,  as  regards  ivi^ti^  o^  ^W 
fossil  forms,  it  is  almost  impossible  to  decide  Yr\iex^  Vi  ^\«bQ»^  >i>;^«a^ 
a  relation  to  living  familiea. 


Eeriewa—Ihicer  and  Lydekker's 

"-115  is  pvea  a  summary  of  what  is  known  of  tha 
imals,  and  on  pp.  115-116.  a  few  remarke  on  Tertiary 
It  these  are  dealt  with  in  greater  detail  in  the  aub- 
ers  under  the  heads  of  the  groupB  to  which  they  are 

ielded  by  the  Cretaceous  (formatioii).  coupled  with  the 
ariety  of  forms  approximating  to  the  exieting  groups 

1   record.     At  present,  indeed,  we  have  no  decisiva 
le  eiislence  of  any  menibera  of  the  Eutherian  sub- 
tly to   the  Tertinry  ;   but  it   can  hardly  be   doubted 
part  of  tho  world  they  had  made  their  appearance 
xh.     The  Eutherian  mammals  of  the  lowest  EoceoB, 
po  and  tho  United  States,  are  of  an  extremely  gene- 
and  although  many  of  tfaem  approximate  to  existing 
how  Buch  a  combination  of  characters,  now  reatricted 
(roups,  as  to  indicate  that  several  of  the  various  orders 
le  subclass  is  now  divided  were  at  the  period  very 
uected.     A  marked  feature  of  these  early  Eutherians 
ncy  of  trituberculism  in  the  dentition,  not  less  note- 
the  frequent  occurrence  of  pentadaotylism  iu  the  feet, 
■  the  individual  bonee  were  devoid  of  the  grooves  and 

0  those  of  later  types.     By  the  time  that  we  reach  the 

1  of  the  Eocene  period,  eoch  as  the  horizon  of  the 
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derivation  of  the  Probosoidea?  the  Sirenia?  the  Cetacea?  or  of  the 
Edentata?  These  are  some  of  the  most  difficult  questions  which 
have  to  be  answered  by  the  modem  oomparative  anatomist  and 
biologist 

Under  geographical  distribution  the  authors  have  adopted  the 
Zoological  regions  proposed  by  Mr.  Sclater  in  1867,  but  although 
there  are  a  few  instances  recorded  of  change  of  distribution  due  to 
geological  causes  in  late  Tertiary  times,  we  may  take  it  that  in  this 
part  the  fossil  evidence  is  omitted.  Thus  under  the  Nearotic  region, 
it  is  stated,  <<  there  are,  however,  no  Perissodactyla,"  whereas. 
Bhinoceros  megalodus  has  been  described  by  Cope,  as  well  as  numerous 
other  Tertiary  forms  by  Leidy  and  by  Marsh. 

We  should  very  much  like  to  see  an  attempt  made  to  show  the 
geographical  distribution  of  the  Mammalia  in  past  times,  as  well- 
as  at  the  present  day.  For  instance,  Dr.  Sclater's  Palaearctic  and 
Nearctic  regions  were  certainly  one,  in  late  Pleistocene  times,  as  the 
evidence  of  the  Mammalia  clearly  shows.  Thus  we  have  Bangifer 
tarandus,  Alce$  macMiSf  Cervus  daphua,  and  its  varieties,  Ovibos 
mosehatus,  Bison  prisctUf  with  the  Lemming,  Marmot,  tailless  Hare, 
Beaver,  Fox,  Wolf,  Otter,  White  Bear  and  Brown  Bear,  the  Mammoth 
and  the  Horse  spread  over  all  these  Northern  regions  alike  in  the  old 
and  the  new  world,  so  that  these  modern  geographical  regions  only 
represent  the  tom-up  portions  of  far  wider  areas  formerly  connected. 
The  same  holds  good  of  the  Ethiopian  and  Oriental  (or  Indian) 
regions,  the  faunas  of  which  even  now  show  such  strong  marks  of 
affinity  the  one  with  the  other. 

Professor  Flower  is  one  of  those  who  has  advocated  more  strongly 
than  any  other  Zoologist  the  importance  of  incorporating  fossil  and 
recent  forms  together;  but  there  are  not  wanting  signs  in  this 
volume  of  the  difficulties  which  the  authors  have  felt  in  attempting 
this  course.  In  each  family  the  extinct  species  are  carefully  kept 
apart  from  their  recent  congeners,  a  plan  which  certainly  bespeaks 
the  doubts  which  the  authors  must  have  often  felt,  owing  to  the 
impeifect  nature  of  the  fossil  evidence,  of  incorporating  them  in 
the  same  senes. 

For  a  Second  Edition,  which  will  certainly  not  be  long  delayed, 
we  venture  to  offer  the  following  corrections.  Among  the  Rodentia, 
to  the  family  Lagomyidce,  are  given  1  or  |-  premolars  (p.  491),  whilst, 
according  to  Forsyth- Major,  the  number  of  premolars  in  this  family 
is  the  same  as  in  the  LeporidcB,  viz.  |-,  this  being  the  number  of  the 
deciduous  molars,  as  observed  in  Myolagua  Meyeri,  and  M.  sardus ; 
moreover  the  statement,  '*  molars  rootless,"  does  not  apply  to  all  the 
members  of  the  family,  as  in  Lagodus  (7Ytonom^«),  which  for  this, 
and  other  reasons,  deserves  to  rank  as  a  genus  distinct  from  Lagomys^ 
as  well  as  MyolaguB,  the  premolars  and  molars  are  both  rooted. 

In  the  small  space  at  our  disposal  it  is  impossible  to  give  more 
than  a  bare  idea  of  the  volume  before  us.  Of  its  usefulness  there 
can  be  no  question,  and  we  may  speedily  expect  to  see  French  and 
German  editions  appearing  on  the  Continent. 

We  heartily  congratulate  the  authora  Mpoix  >\i^  wtf«ft»&WL  Saswa 


—Dr.  0.  Jaekel — Armoured  Palcsozoic  S/iarks. 

•b;  they  have  produced  ft  book  whioh  will  greatly 
nowle<!ge  of  tiie  higher  Vertebrata,  and  inuBt  prove 
(i  tbe  Btiident  of  Mammalogy ;  nor  can  any  Library  of 
mplele  without  tbiti  most  eicellent  cade  meeum. 


— Abmoubed  pALAozoto  Shares. 

[  oDKu  IcHTHTODORULiTHEN   IM  Al;.o<- 
Dr.    Otto    Jaekeu      Sitzungsb.    Gea.    naturC 
|erlin,  1890,  pp.  119-131. 

'IS,  NEBST   ALLOEMEINEN    BeUERKUNOEN    TEBBR    BIB 

E  Stkllvng  der  Elabmobeanchii.  By  Dr.  Otto 
fiid.  18!»1,  pp.  115-131,  with  Plate. 

Bocnvusxsis,  11. ap.,  kik  Tkaohtacanthidb  dm 
J  KoHLESOKBiKOEa.  By  Dr.  Otto  Jaekel.  Zeitschr. 
iol.  Ges.  1890,  pp.  753-755,  PL  sxxvii. 

B  had  the  pleasure  of  recording  important  progress 
Inowledge  of  some  Palfeozoic  Elasmobraach  skeletODB, 
"  to  the  researches  of  Dr.  Anton  Frilsch  among  the 
of  the  Bohemian  Permian  furmslion.  On  the 
I  are  able  to  chronicle  anolher  intereBting  advance 
If  allied  forma,  resulting  from  the  renewed  examination 
n  the  German  Kiipferschiefer  described  many  years 
It  has  long  been  known  that  oerlain  representatives 
I  Elftsraobranchii  or  of  the  Holocephali,  in  Palieozoio 
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tudinal  series  of  spinous  tubercles.  Of  the  cartilages  of  the  head 
and  trunk  nothing  is  visible ;  and  in  the  paired  fins  there  are  only 
feeble  traces  of  nearly  parallel  rays.  No  median  fins  can  be  seen ; 
and  the  dentition  is  doubtfully  inferred  from  fragments  to  have 
oonsisted  of  Gochliodont  plates. 

Dr.  Jaekel  was  led  to  the  investigation  of  Menaapia  by  his  studies 
of  Ichthyodorulites,  detailed  in  the  first  and  third  of  the  memoirs 
quoted  above.  The  result  is  most  gratifying  to  those  who  recognize 
in  this  fossil,  as  now  elucidated,  the  dawn  of  our  knowledge  of  the 
Palsdozoic  armoured  Sharks.  At  the  same  time,  however,  it  is  much 
to  be  regretted  that  before  launching  into  broad  speculations,  the 
author  did  not  further  take  advantage  of  the  kind  offices  of  Prof. 
K.  von  Fritsch,  and  borrow  for  study  another  of  Giebel's  Eupfer- 
schiefer  fishes — Dichelodus  acultu.  If  this  be  correctly  interpreted 
in  the  original  memoir  (Zeitschr.  gesammt  Naturw.  BLalle,  1857, 
p.  121,  pi.  i v.),  it  affects  very  materially  some  of  Dr.  Jaekel's  gene- 
ralizations concerning  '*  Trachyacanihidad  ";  and  we  venture  to  think 
that  an  examination  of  it  would  have  considerably  modified  many 
matters  which  we  regard  as  baseless  imagination. 

Whether,  indeed,  from  an  imperfect  acquaintance  with  English,  or 
from  defective  memory,  or  hasty  work,  Dr.  Jaekel's  theoretical 
remarks  are  full  of  misconceptions,  which  it  may  be  of  advantage  in 
some  respects  to  point  out  In  the  first  place,  he  arranges  dorsal 
fin-spines  in  three  divisions — the  **  Cestraciont,"  the  "Acrodont," 
and  the  '*  ObimaDroid  " — according  to  the  form  of  their  transverse 
section.  We  would  remark  that  Nemacanlhus  (termed  "  Cestraciont ") 
and  Ctenaeanthus  (termed  ''Acrodont")  have  in  fact  the  transverse 
section  and  lateral  denticles  described  by  Dr.  Jaekel  as  exclusively 
**  Chimseroid  " ;  whereas  the  dorsal  fin-spines  of  the  Myriacanthidss, 
which  are  certainly  Chimseroid,  present  differences  again.  In  the 
first  memoir,  too,  a  whole  page  is  devoted  to  a  fundamental  miscon* 
ception  of  Oyraeanthw ;  but  this  is  cancelled  (as  the  result  of  an 
interview  with  Dr.  Traquair)  by  a  footnote  in  the  second  memoir. 
Finally,  Dr.  Jaekel  places  all  the  paired  Ichthyodorulites,  e.g., 
0racanthu8,  EriamacanthuBf  Phy8onemu»y  QampaacanthtUj  etc.,  in  a 
new  **  group "  termed  '*  Trachyacanthidsd "  and  in  the  original 
memoir  this  is  regarded  as  including  both  the  Oochliodontidee 
and  the  Cbimssroid  genera,  Myriacanthua  {**  Prognathodua**)  and 
ChinuBropaia. 

The  latest  researches  on  the  Myriacanthidss,  however,  of  which 
Dr.  Jaekel  overlooked  the  preliminary  results  in  his  first  contribution, 
have  caused  a  considerable  modification  of  the  "  group  Trachyacan- 
thidss  "  in  his  second  memoir.  Menaapia  is  still  retained  as  a  member 
of  the  new  group,  and  made,  in  fact,  its  type ;  but  the  Myriacanthidso 
are  now  declared  to  be  "  entirely  different."  So  far  all  will  doubtless 
be  in  accord  with  Dr.  Jaekel ;  but  when  he  raises  this  group  to  rank 
as  a  distinct  division  equivalent  to — and  intermediate  between — 
the  "  Selachier "  and  **  Ghimaeriden,"  few  will  be  satisfied  with  the 
Available  evidence. 
Here,  again,  several  fundamental  BtalemQula  tqio^vc^  ^y^xt^Rlci.^^ 


that  of  hII  tnio  Si-lachii,  displuys  n 
with  enisling  knowledge  of  tlie  Buhji 
geate  that  this  dentition  may  have  bt 
BQpportiug  cartilages  of  the  jaw  (*' 
Terwaofaaen "),  we  beootne  alarmed 
aome  of  the  aooepted  fundamental  prii 
A  mere  reference  to  literature  will 
ordinaiy  mift- statement  oontained  in  t 
=:  Etaimohranekii,  Bonap.  =  Chondroj 
and  the  idea  that  the  caloifioation  of  tl 
always  oonsiBts  merely  in  a  Buperfioii 
removed  when  the  author  prooeeds  fl 
of  the  Palnozoio  genera. 

Legitimate  inference  from  an  array 
indtement  towards  new  reseanh ;  bn 
false,  theoretical  disquisitions  are  a  b 
ago  recognized  by  Owen,  when  he  fo 
dontidB,  the  peonliar  dentition  of  tliis 
from  the  fusion  of  one  or  more  trans 
tinuons  platoo,  whioh  proceed  to  grow 
fashion,  and  curve  downwards  oatsic 
Every  stage  in  this  process  of  apeini 
slightly  modified  FUuroplax  to  the  e 
aktua ;  and  the  only  remains  of  the  t 
discovered  (Fteuroplax  and  Diehetodm 
type — not  to  that  of  Menatpii.  As 
tike  original  memoir,  the  teeth  of  tl 
superficial  resemblance  to  the  dental 
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proup  that  yet  requires  elucidation.  Dr.  Jaekel  has  done  good 
enrice  in  dispelling  a  remarkable  illusion^  and  in  adding  some 
mportant  facts  to  our  knowledge  of  the  armoured  Sharks  of 
'alssozoio  times ;  but  we  will  conclude  with  the  hope  that  in  future 
he  author's  contributions  of  this  kind  may  bear  signs  of  maturer 
tudy  and  be  less  overburdened  with  reckless  speculation. 

A.  S.  W. 


H. — Memorials  of  John  Gunn,  M.A.,  F.O.S. :  being  some  Ac- 
count OF  THE  OrOHBB  FoBEST  BeD  AND  ITS  FoSSIL  MaHMALIA, 
AND    OF   THE   ASSOCIATED    StBATA     IN     THE     ClIFFS    OF   NoBFOLK 

AND  Suffolk,  fboh  the  MS.  Notes  of  the  late  John  Gunn. 
With  a  Memoib  of  the  Authob.  Edited  by  Hobaob  B. 
WooDWABD,  F.G.S.,  with  the  assistance  of  E.  T.  Newton,  F.G.S., 
F.Z.S.     (Norwich :  W.A.  Nudd,  1891.) 

nOR  the  last  half  century  Mr.  John  Gunn  has  been  a  central 
L  figure  among  the  geologists  of  Norfolk,  and  the  present  volume 
s  a  welcome  addition  to  the  records  of  work  accomplished  by  local 
observers,  to  whom  British  Geology  is  so  much  indebted.  At  the 
ime  of  his  death  Mr.  Gunn  was  occupied  with  a  second  edition  of 
lis  "  Sketch  of  the  Geology  of  Norfolk  "  (contributed  in  1883  to 
White's  History  and  Gazetteer) ;  and  a  series  of  plates  illustrating 
he  larger  Mammalian  remains  of  the  Cromer  Forest  Bed  had  already 
)een  prepared  and  printed.  The  MS.  was  well  advanced  towards 
K>rapletion,  and,  by  the  expressed  wish  of  the  author,  it  was 
intrusted  to  Mr.  Horace  B.  Woodward  for  publication  in  whatever 
brm  might  seem  most  desirable.  Mr.  Woodward  wisely  decided 
lot  to  reprint  the  earlier  **  Sketch,"  which  is  already  accessible,  and 
vould  have  required  much  alteration  in  the  bringing  up  to  date ; 
)ut,  with  the  assistance  of  Mr.  E.  T.  Newton,  he  only  selected  such 
)ortions  of  the  Supplementary  Notes  as  contained  Mr.  Gunn's 
>riginal  observations  and  opinions.  A  short  Memoir  of  the  Author, 
rriih  a  Portrait,  and  a  summary  of  his  work,  have  been  added  to 
hese  notes ;  and  the  series  of  plates,  with  the  explanatory  remarks, 
brm  an  interesting  guide  to  the  Gunn  Collection  of  Forest  Bed 
ilammals  now  preserved  in  the  Norwich  Museum. 

The  principal  items  in  the  biography  of  Mr.  John  Gunn  were 
pven  in  the  obituary  notice  in  the  Geological  Magazine  of  July, 
L890  (pp.  331-^33).  Mr.  Woodward's  additional  notes  on  some  of 
lis  papers,  however,  are  worthy  of  enumeration.  Though  chiefly 
concerned  with  the  later  formations,  Mr.  Gunn  paid  some  attention 
o  the  Chalk  and  underlying  rocks  :  and  his  opinions  concerning  the 
[ted  Chalk  and  the  possibility  of  discovering  Coal-measures  beneath 
he  Secondary  strata  of  Norfolk  are  worthy  of  respect.  The  age 
ind  relations  of  the  stony  bed  at  the  base  of  the  Norwich  Crag 
•eoeived  much  attention  from  the  author,  who  was  especially 
nterested  in  the  Mammalian  remains  it  yielded ;  and  two  important 
lections  (one  at  Bramerton,  the  other  at  Coltishall)  ax^  t^^xv^dw^o^^ 

'  0.  M.  Reis,  Geognost.  Jahrb.  1890,  i^.  ^0. 


blished  MS.     Long-con  tinned  rewftrclie*  in  oocmMion 
t  Bed  series  and  Boolder-clay  eveniwUly  led  Mr.  Gonn     1 
akttona  u  to  the  cause  of  the  Glacial  Period  ;  and  in 

'  Sketch  "  he  treated  of  aliU  more  recent  phenoineiu, 
BtiDg  obscrratioDS  on  the  growtli  and  aecamnlatitn 
e  Norfolk  Broads. 

own  c'hapt^re  in  the  volume  before  ob.  as  mi^t  b« 
e  almost  entirely  to  the  Forest  Bed  series.     Even  to 
views  as  to   this   formation   and  some    of  its  fowl 
re    not   altogether   in   accordance  with    thoee  of  tbe 
and  a  talJe  is  added  (o  show  Mr.  Gunn'e  classification 
H  as  compare.!  with   the  Bchemes  of  Prof!   Prestwich 
ent  Ueid.     It  ie  of  great  value  to  have  a  permanetit 

observations   and    cinolusions   of  one  who   made   W 

detailed  a  study  of  this  much -discussed  series ;  and 
odcuts  help  to  explain  the  texL     The  notes  on  tbe 
re  evidently  only  just  begun,  and  are  thus  confined 

of  the  80-called  EUpho»  (Leplodan)  gigantfta,  Cemi 

rton,  who  supplies  the  latest  lists  of  the  Forest  Bed 
Crag  Vertebrate  Faunie;    but  it  is  very  satisfactory 
inite  atatemetit  by  tbe  author  of  the  grounds  upon 
ded  his  detenninationa- 

filume  of  "  Memorials  "  in.  indped,  a  work  of  far  more 
rest ;  and  we  commend  it  to  the  notice  of  all  who  are 
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reserve  for  a  future  paper  the  description  of  the  junction  of  the 
*'  Levenshulme  Limestones  **  with  the  Permian  **  CoUyhurst  Sand- 
stone." 

y. — British  Fossil  Bibds. 

MB.  B.  LYDEEEEB  contributes  a  Taluable  article  on  British 
Fossil  Birds  to  the  July  Number  of  "  The  Ibis,"  containing 
a  critical  summary  of  present  knowledge  of  the  subject  The  article 
occupies  pp.  381-410  of  the  current  volume,  and  treats  in  succession 
the  birds  of  the  Superficial  Deposits,  those  of  the  Pliocene  Crags, 
iiiose  of  the  Upper  Eocene  (Oligocene),  those  of  the  Lower  Eocene, 
and  the  few  fragments  from  the  Cretaceous.  The  researches 
undertaken  by  the  author  for  the  recently  published  **  Catalogue 
of  Fossil  Birds  in  the  British  Museum"  form  the  basis  of  the 
Memoir ;  and  it  constitutes  an  important  readable  addendum  to  the 
work  just  cited  (see  Be  view  of  Catalogue  in  August  No.  p.  378). 

YL — "Pantobibuon:  An  Imtsbnational  Bibliooraphioal  Bbview 
OF  THB  World's  Soibntifio  Litsraturb."  Edited  by  A. 
Eersha,  C.E.  (St  Petersburg  and  London:  Swan  Sonnen- 
schein  &  Co.,  1891.) 

WE  have  received  the  first  number  of  this  new  monthly,  edited 
and  printed  in  St.  Petersburg,  and  to  be  obtained  in  England 
from  Messrs.  Swan  Sonnenschein  &  Ca  Nearly  300  pages  are 
occupied  with  classified  lists  of  new  scientific  works  and  periodicals, 
some  of  which  are  briefly  reviewed.  Under  the  heading  "  G^logy 
and  Mineralogy  "  we  find  recorded  several  Inaugural  Dissertations 
and  small  separate  publications  such  as  are  often  overlooked  by 
workers.  The  new  periodical  will  prove  most  valuable  to  all 
engaged  in  scientific  pursuits,  and  especially  to  those  dealing  with 
applied  science. 

YII. — Monograph  of  the  Fossil  Species  of  Prtsiis,  [Momografia 
DEI  Pristia  fossili  oon  la  Desoriziomb  di  una  nova  Spboib  del 
Caloarb  miooenioo  di  Leoob.]  By  Dr.  Giovanni  Vigliarolo. 
Mem.  B.  Accad.  Sci.  Napoli,  [2]  voL  iv.  append.  No.  3,  pp.  1-28, 
with  plate.     (1890.) 

AFTEB  a  definition  of  the  genus  PrUHs  and  a  partially  critical 
synopsis  of  all  known  species  determined  upon  the  evidence 
of  fossils.  Dr.  Yigliarolo  proceeds  to  a  detailed  description  of  three 
fragments  of  a  rostrum,  from  the  Miocene  of  Lecce,  preserved  in  the 
Geological  Museum  of  the  Naples  University.  The  description  is 
illustrated  by  a  large  folding  plate,  and  justifies  the  recognition  of 
a  new  species,  Pristis  lyceensis.  Sclerorhynchua  and  Propristis  are 
regarded  as  extinct  genera  of  Pristidsd,  but  Amblypristts  is  considered 
to  be  merely  a  synonym  of  Pristis,  The  known  fossils  are  so  frag- 
mentary that  they  seem  to  be  scarcely  worthy  the  extended  treat- 
ment they  have  received  at  the  hands  of  the  author ;  but  the  result 
of  his  investigations  is  a  useful  epitome  of  our  i^ie^^\i\.\iiv^^\^^'^  ^\ 
ihe  Bubjeot, 


Rfporh  and  Proceedings^ 

GaoLoaiCAL  Sodiett  op  Ldndoit. 
I891.-Sir   Archibald  Geikie,   D.Sc..   LL.D.,    F.E.8.. 
;he  Chair.— The  following  communications  were  nuA: 
l8  in  West-Suffolk  Boulder- clay."     By  the  Bev.  Edwin 
G.S. 

supposed  that  in  a  Boalder-clay  district  water  conH 
not!  from  above  or  from  below  the  clay.     But  in  the 
hbdurl.ood    the   depths   of  the    wella    are    extremely 
:  within  very  short  distances ;  and  since  the  clay  itself 
to  water,  he  aoncludes  that  it  must  include  within  iti 

beds  or  seams  of  some  different  material  wliich  com- 
j  the  surface.     It  would  follow  that  this  Boulder-cUy 
ID  or  a  homogeneous  mass. 

sections  are  only  those  given,  at  hand  by  ditches,  and 
ibio   distance   north  and  south   by  pits  at  Bury  St. 

Sudbury.     The  appearances  in  these  barmonize  with 
1.     Conclusion  and  appearances  difffir  from  what  we 

on  the  theory  that  this  Boulder-clay  was  tbe  pi-oduct 
I  between  an  ice  sheet  and  its  bed. 

Melftphyres  of  Gitradoc.  with  Notes  on  the  Associaled 
f  Frank  Rutley,  Esq..  F.G.S. 
!  limited  areas  the  melaphyres  of  Cnradoo  liiFTercon- 
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which  rises  from  deep  water  on  either  side  to  within  a  thousand 
fathoms  of  the  surface  of  the  sea.  The  general  direction  of  the  ridge 
is  N.N.E.  and  8.8. W. 

(1)  A  line  of  volcanoes,  some  active,  some  extinct,  traverses  the 
groap.  Continued  southward,  the  direction  of  the  line  passes  through 
the  volcanoes  of  the  Eemiadeo  group,  and  those  of  the  Taupe  zone 
of  New  Zealand ;  while  to  the  north  it  outs  the  line  of  the  Samoan 
volcanoes  at  right  angles. 

(2)  Besides  the  purely  volcanic  islands  there  are  some  formed  hy 
Buhmarine  eruptions,  whose  layers  have  been  laid  out  under  water 
and  since  elevated,  with  or  without  a  covering  of  limestone. 

(3)  The  remaining  islands  are  formed  entirely  of  limestone. 

Eua  is  an  example  of  the  second  group.  The  volcanic  basis  con- 
sists for  the  most  part  of  beds  laid  out  beneath  the  sea,  and  some  of 
the  upper  ones  contain  pelagic  shells.  Dykes  of  augite  and  hyper- 
sthene-andesite  project  on  the  shore,  and  a  representative  of  the 
plutonic  series  occurs.  There  is  evidence  that  the  island  has  been 
elevated  and  again  submerged  prior  to  the  elevation  which  has  raised 
it  to  the  present  height  The  volcanic  basis  is  largely  invested  with 
limestone,  and  this  rock  forms  the  summit  1078  feet  above  sea-level. 
Sections  show  that  it  is  a  shallow- water  deposit. 

Of  the  purely  limestone  structures,  Tongatabu,  Nomuka,  and  the 
long  reef  on  which  the  larger  islands  of  the  Hapaii  group  are 
situated,  form  more  or  less  complete  atolls,  all  of  which  have  been 
elevated  to  a  greater  or  lesser  extent 

The  Vavau  group  is  remarkable  for  its  very  indented  contour, 
suggesting  the  idea  that  it  rests  on  a  much  denuded  basis.  Both 
here  and  at  Eua  there  are  raised  limestone  formations  with  atoll  or 
barrier-like  contours;  and  there  is  some  direct  evidence  to  show 
that  these  have  been  formed  without  the  aid  of  subsidence. 

The  presence  of  islands  formed  of  volcanic  materials  laid  out  in 
layers  beneath  the  sea,  and  the  manner  in  which  the  recently  formed 
Falcon  Island  is  now  being  reduced  to  the  condition  of  a  submarine 
bank,  suggests  that  the  atolls  of  the  group  may  rest  on  similarly 
formed  foundations. 

4.  **0n  the  Inverness  Earthquakes  of  November  15th  to  De- 
cember 14th,  1890."  By  C.  Davison,  Esq.,  M.A.  (Communicated 
by  Prof.  Charles  Lapworth,  LL.D.,  F.R.8.,  F.G.S.) 

In  this  paper  the  author  gives  reasons  for  supposing  that  the 
Inverness  earthquakes  of  last  year  were  due  to  the  subsidence  of  a 
great  wedge  of  rock  included  between  a  main  fault  and  a  branch 
one ;  and  he  considers  that  there  is  little  doubt  that  these  recent 
earthquakes  were  the  transitory  records  of  changes  that,  by  almost 
indefinite  repetition  in  long  past  times,  have  resulted  in  the  great 
Highland  faults. 

The  next  meeting  of  the  Society  will  be  held  on  Wednesday, 
November  11th,  1891. 


430        ComyMmdena$—Mr.  Q.  Buftr^Bm^  0.  Tbkmr. 


THE  STTPI^OSED  DIOTNODONT  FROM  THB  XLaiK  TRIAS. 

8m, — At  the  meeting  of  the  Britidi  A«ooifttioQ  at  Abeiden  m 
1886,  mooh  interest  was  ezdted  by  the  alkf^  dieocnrety  of  IHtfmim 
in  the  Triaseic  sandstones  of  Elgin.  Prefassor  Jadd  stated  \m 
belief  in  the  specimen  at  the  time  (**  NatoiBy**  Oot.  15»  1886,  p.  678), 
and  said  that  the  specimen  was  in  the  hands  of  Dr.  Traqnair.  la 
Woodward  and  Sfaerborn's  « Catalogue''  (1890)  I  notioe  thsse 
authorities  plaoe  a  (?)  before  the  rrfereoes^  thus  indioatiag  the 
doubtful  nature  of  the  find,  while  Lydekkar  in  toL  iu  *'  Hanusl 
of  Palsaontology "  does  not  even  reflar  to  it  Are  we  to  inteipiet 
Dr.  Traquair's  six  years'  silence  as  a  withdrawal  of  the  original 
determination?  When  an  important  discovery  has  been  announced, 
it  seems  only  just  that  the  geological  public  abould  hear  more  about 
it,  and  this  praotioe  of  throwing  out  Tagne  and  nnsatisfaotoiy  state- 
ments  is  very  annoying  to  those  who  prefer  exact  information  and 
rather  disparaging  to  the  discoverer,  who  naturally  expects  so 
great  a  find  to  be  worthy  of  notioe.  G.  Bopsb. 

ON  DTNAMO-METAMOEPHISIC. 

Sib, — I  think  Dr.  Irving  has  not  quite  understood  the  reasoning 
in  my  short  article  on  Dynamo-metamorphism  of  a  year  ago.  I 
wrote,  that  the  part  of  the  work  of  compression  expressed  by  the 
product  (P—  W)  w,  where  P  is  the  compressing  force  upon  a  oabiQ 
element  of  the  disturbed  mass,  W  the  weight  of  the  cover,  and  m 
the  height  through  which  the  cover  has  been  lifted,  waa  employed 
in  bending  and  breaking  the  rock  and  overcoming  friction,  and  that, 
since  this  part  of  the  energy  is  not  reconvertible  into  mechanical 
work,  it  must  take  the  forms  of  heat  and  chemical  action.  He  thinks 
this  **  last  term  is  surely  outside  the  others  altogether "  ;  that  is,  I 
suppose,  is  employed  upon  the  rock  external  to  the  portion  of  it 
under  consideration.  But  the  expression  is  not  very  clear,  though 
his  illustration  in  the  note  (p.  800)  seems  to  show  that  such  is  his 
meaning.  He  says  there  that,  if  a  horse  or  engine  draws  a  series  of 
loaded  trucks  along  a  perfectly  horizontal  line  of  rails,  '*  work  is  done 
in  overcoming  the  friction  of  the  wheels  against  their  axles  and  against 
the  rails,  and  in  the  displacement  of  a  portion  of  the  atmosphere 
with  the  movement  of  the  train ;  but  would  any  one  contend  that 
energy  was  stored  up  in  the  train  ?  " 

Energy  of  motion  is  so  obviously  stored  up  in  the  train  that  Dr. 

Irving  cannot  refer  to  that.     He  must  refer  to  the  energy  imparted 

to  the  atmosphere,  and  to  the  energy  absorbed  by  friction,  whidi 

last  is  distributed  between  the  trucks  and  the  rails.     The  energy 

communicated  to  the  air  is  "  outside  "  the  other  effects,  and  so  is  the 

energy  absorbed   by  the  rails.     But  the  energy  absorbed  by  the 

friotion  of  the  wheels  a^inst  their  axles  is  partly  converted  into 

heat,  and  is  partly  employed  m  i^To^\x^\xi^^\CiO^<^\)LW  change  in  the 

iron,  rendering  it  more  graxvwW  wv^  \\^i>cJv^  \a  Vi»r^\sx^  ^^  ^<;s^ 

oonaider  this  a  case  of  d^Iiamo•T£le^axftax^^2^^Kal.   %\S^\v^^y»*^^ 
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me  that  the  illustration  is  not  apt.  The  amount  of  work  to  which 
I  refer  must  be  expended  on  bending  and  breaking  the  particular 
mass  of  rock  under  consideration,  and  in  shearing  the  V^xts  of  it 
past  one  another,  and  not  on  the  rock  outside  of  it  Hence  the 
energy  which  is  its  equivalent  has  been  introduced  into  the  mass ; 
and,  energy  being  indestructible,  none  of  it  is  lost,  and  there  is 
now  more  energy  in  the  mass  than  there  was  before.  The  question 
which  I  proposed  was  simply,  what  form  does  that  energy  take  ? 
Is  it  heat  ?  or  is  it,  as  I  (perhaps  rashly)  enquired,  chemical  energy  ? 

Dr.  Irving  says  that  both  Mr.  Barker  and  myself  have  overlooked 
the  one  great  factor  of  metamorphism,  viz.  superheated  water.  I  do 
not  think  we  either  of  us  proposed  to  discuss  all  the  causes  of  meta- 
morphism, but  only  the  mechanical.  0.  Fisheb. 

Ha&lton,  Cambridob,  11  July,  1891. 

DYNAMO-METAMORPHISM  AGAIN. 

Sir, — A  short  space  will  suffice  for  what  I  have  to  say  in  reply 
to  Dr.  Irving  (p.  296).  I  am  sorry  to  have  misunderstood,  or,  as 
he  phrases  it  *  misrepresented,'  him  as  assuming  that  the  whole  of 
the  work  passes  into  heat.  I  am  not  sure  that  even  now  his  position 
is  clear  to  me.  His  dictum  <'  chemical  combination  must  generate 
heat "  is  intelligible,  though,  as  Mr.  Fisher  has  pointed  out,  by  no 
means  universally  accepted  by  chemists;  but  simple  combination 
does  not  cover  any  of  the  chemical  changes  that  characterize  the 
metamorphism  of  rocks.  These  are  "  much  more  complex,"  and  if 
Dr.  Irving  believes  that  in  these  cases  there  is  always,  on  the 
balance,  a  positive  amount  of  heat  generated,  he  believes  that  for 
which  no  proof  whatever  is  offered. 

It  is  possible  that  some  of  the  differences  between  Dr.  Irving  and 
myself  would  resolve  into  a  question  of  words,  if  his  language  were 
more  intelligible  to  me ;  but  unfortunately  his  usage  of  physical 
terms  often  bears  no  relation  to  the  definitions  in  use  among  physicists. 
"  Intensity  of  heat "  seems  to  mean  temperature,  but  what  are  we 
to  make  of  the  expression  (used  in  taxing  another  correspondent  with 
confusion  of  thought)  ''the  energy  is  presented  in  the  mechanical 
form  of  pressure  "  ?  The  simple  word  '  deformation '  also  appears 
to  be  employed  in  some  occult  sense. 

The  experiments  of  Cailletet  and  Pfaff  which  I  cited  are  the 
same  as  those  referred  to  in  the  "  Heport  on  Slaty  Cleavage  "  mentioned 
by  Dr.  Irving.  They  seem  to  establish  that  increased  pressure 
retards  chemical  changes  involving  a  diminution  of  density,  while 
Spring's  researches  tend  to  show  that  pressure  assists  changes  in- 
volving an  increase  of  density.  The  two  conclusions  appear  to  me 
not  contradictory,  but  complementary  parts  of  one  law.  As  regards 
Spring's  experiments,  Dr.  Irving  has  ludicrously  misunderstood  me 
when  be  implies  that  I  deny  the  generation  of  heat  by  friction 
daring  the  compression.  What  I  said  was  that  the  heat  so  generated 
was  carefully  removed  (by  conduction).  As  Major-General  McMahon 
points  out  (at  p.  90  of  this  volume),  M.  Spring  \i\xsi%^i  %»^\si'^  \si 
have  changed  bis  views  as  regards  the  Bigii\&08aiQ^  oi.  \i\%  ^Q»\^<k^^^ 


U  E  regret  to  nnnounce  tlie  death 
«l)u  was  hoTii  ill  l)ie  niemomble  y 
bliire,  where  hia  father  bad  a  uill 
with  aa  early  love  of  Natural  Sc 
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Asoooiation,"  and  the  "  Proceeding 
a  member.  He  was  a  frequent 
MAaAZiHX,  and  other  soientifio  pnb 
In  1869  Hr.  Maokintosh  prodnc 
England  and  Wales,"  in  whidi  he 
the  greatest  dennding  agent,  and  i 
geological  interest.  He  received 
Original  Scientific  Beaearch,  fron 
Royal  Society.  In  1881,  he  wi 
Uemonal  Hedal  of  the  Chester 
1886  waa  awarded  the  proceeds  of 
the  Oeologioal  Society,  in  reoogni 
*nd  other  Superficial  Deposits  of  tl 
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On  Vie  Mineral  Resources  of  New  South  Wales,     By  C.  S.  Wilkinson, 
F.Q,S,,  F.L.S,,  QovemmerU  Geologist  of  New  Santh  Wales. 

In  this  paper  the  author  describes  the  economic  geoloiry  of  the  colony  of  New- 
South  Wales.     This  territory  occupies  the  central  portion  of  eastern  Australia, 
and  has  a  frontage  to  the  Pacific  Ocean  of  860  miles,  with  Port  Jackson,  or 
Syduey  Harbour,  situated  midway  along  this  coast  line.     It  is  remarkable  that  all 
the  chief  characteristic  physical  features  of  the  CTeat  island-continent  of  AuBtralia 
are   represented  in  New  South  Wales.     The  Oordillera,  or  Main   Coast  Range, 
culminating  in  Mount  Eosciusco,  the  highest  mountain  in  Australia  (7,176  feet), 
and  snow-clad  during  many  months  of  the  year,  extends  through  the  colonj  from 
north  to  south  ;  the  largest  Australian  river  flows  through  the  vast  delta-plains  and 
almost  treeless  downs  of  the  western  interior;  the  Cordillera,  especially  on  its 
eastern  slopes,  is  in  places  clothed  with  dense  forests  of  the  finest  timber  trees,  and 
the  coast  is  indented  with  several  splendid  shipping  ports.    The  geological  features 
of  the  colony  embrace  nearly  all  the  principal  sedimentary  and  igneous  formations 
of  the  Old  World  series,  from  the  Silurian  upwards ;  and  in  these  occur,  in  more 
or  less  abundance,  most  of  the  commercially  valuable  mineral  products : — Coal, 
gold,  stirrer,  lead,  tin,  copper,  antimony,  iron,  manganese,  chromite,  bismuth,  tilunite, 
^iatnonds,  marbles,  clays,  &c.  From  the  Cretaceous  formation  of  the  arid  downs  of  the 
western  interior  fresh  artesian  water  is  obtained  by  boring.     New  South  Wales, 
therefore,  favoured  also  with  a  splendid  climate,  possesses  natural  resources  of 
ffreat  significance  for  the  future  development  of  the  mining,  agricultural,  and  other 
industries. 

The  total  value  of  the  minerals  raised  in  New  South  Wales  to  the  end  of  1889 
is  81,598,113/. 

Coal. — The  Coal  Measures  are  of  Carbonifero-Permian  age,  and  occupy  an  area 
of  about  24,000  square  miles.  There  are  three  main  series : — The  Lower  Coal 
Measures,  consisting  of  plant-beds  interstratitied  with  beds  containing  a  Car- 
boniferous marine  fauna ;  and  the  Middle  and  Upper  Coal  Measures,  consisting  also 
of  plant-beds.  Olossopteris  is  one  of  the  characteristic  fossil  plants  found  in  each 
of  these  series.  The  aggregate  thickness  of  coal  in  the  seams  worked  is  about 
130  feet.  One  seam  lately  discovered  near  West  Maitland  by  Mr.  T.  W.  E. 
David,  Geological  Surveyor,  is  over  30  feet  thick.  Coal  was  first  worked  in  the 
colony  in  the  year  1830,  though  discovered  about  1796.  The  value  of  the  total 
quantity  raised  to  the  end  of  1889  is  22,787,165/.,  the  production  for  the  year 
1889  being  3,655,632  tons,  valued  at  1,632,848/.  Several  seams,  up  to  5  feet 
thick,  of  PetroleumnoU  Cannel  coal,  or  *  Boghead  mi7ieral,*  occur  in  the  Coal 
Measures.  This  so-called  *  Kerosene  Shale  *  is  the  richest  of  the  kind  found  in  the 
world,  and  yields  up  to  150  gallons  of  crude  oil,  or  18,000  cubic  feet  of  gas  per 
ton,  with  an  illuminating  power  equal  to  over  forty  candles. 

Gold, — Gold  has  been  worked  from  reefs  and  the  alluvial  deposits  derived 
therefrom.  The  reefs  occur  in  the  Silurian,  Devonian,  and  (/arboniferous  strata ; 
also  in  granite,  porphyry,  diorite,  serpentine,  &c.  The  auriferous  alluvial  deposita 
resulting  from  the  denudation  of  these,  are  found  in  the  Carbonifero-Permian, 
Cretaceous,  Eocene,  Miocene,  Pliocene,  Pleistocene,  and  Recent  foruiations.  Gold 
with  platinum  has  been  obtained  in  the  debris  from  basalt.  Gold  was  discovered 
in  1851,  and  the  total  yield  to  the  end  of  1889  is  10,092,355  ounces,  valued  at 
37,614,887/.  Numerous  gold-bearing  reefs,  as  yet  undeveloped,  are  known  to 
exist.  With  proper  appliances  for  extracting  gold  from  avili^Uvdwa^  &,c,,\^a  w>X.^>^ 
is  likely  to  largelj  'iDcrease. 

Silver  and  6'ilfbh-Lbad. — The  lodes  contammg  V\v^&^  xtv^vA*  Ovxv^^l  ock^^ 
the  SUurian  and  Devonian  formations  and  in  the  \gneov\s  toeV*  V^>KSfc^^  ^^^ 
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intruding  them.  The  most  important  lode  yet  opened  ia  at  Broken  HOL  It  ii  a 
iifl8ur»-lode  conaisting  of  gossan  with  manganeae^  eaibonate  of  lead,  and  ad^idfli 
of  lead,  iron,  and  xino.  The  Broken  Hill  rroprietanr  Conipan7*a  Mme  on  thia  loda 
has  yielded  since  May  1886  to  July  1890^  17,457,279  ounoee  of  nlTtf  fron 
885,880  tons  of  ore  treated,  hesides  a  large  quantity  of  lead.  The  ailirer  hdm 
at  Gonny  Comer,  Capuins  Flat  and  Oostigan.  oontun  also  a  &ir  qnantitj  of  gold. 
There  are  numerous  small  lodes  to  be  developed.  Tba  ▼alne  of  the  mm  aai 
silver-lead  produced  in  the  colony  to  December  81, 1680,  amounted  to  4fi€Bfi62L 

Tiir. — ^The  ore  of  this  metal  has  chiefly  been  worked  as  stream-tin  fipom  ths 
Tertiary  and  Becent  alluvial  d^)08its.  The  Tertiary  deep  leads,  or  ancient  rivs- 
beds,  as  yet  unworked,  are  extensive.  Nnmeroos  tin-bearing  lodea  have  beea 
discovered  in  the  granites  of  New  England  and  the  Barrier  Ban^es,  but  they  havi 
only  been  slightly  worked.  The  value  of  the  production  of  tu  and  tin  ore  tD 
dlst  December,  1880,  amounted  io  8,925,54a/. 

Copper. — ^(/opper  lodes  have  been  opened  in  various  pwrta  of  the  Colony  in  tba 
Silurian  and  Devonian  formations,  and  are  ci^ble  of  being  fiuther  extensirriy 
worked.  At  the  surface  they  c^^nsist  chieflv  of  gossan  contauiiiig  zieb  earbnnatei 
of  copper,  which  pass  downwards  into  sulphides  of  copper  and  iron*  The  raliw  of 
the  total  production  to  the  end  of  1889  is  5,645,027/. 

Ai?TiM05rr. — The  principal  antimonv  lodes  occur  in  aasodafion  witli  dyk»*sof 
granite  traversing  Devonian  strata.  Stionite  and  Cervantite  are  found  oocasioDally 
in  many  quartz  reefn.  At  Ilillprrove,  in  New  England,  and  at  Hazorback,  the  antimooj 
lodes  contain  ])ayable  quantities  of  gold.  In  the  New  England  and  Macli-aj 
districts  the  development  of  auriferous  antimony  mines  will  probably  be  verj 
important.     Tue  value  of  antimony  exported  to  December  31st,  1889,  is  73,601/. 

Ibon. — Deposits  of  Brown  hematite  and  magnetite  occur  iu  numerous  localitii4, 
and,  in  plac>es,  in  proximity  to  coal  and  limei<toDe.  The  deposits  at  Mi^tagong 
have  bt^eu  estimatea  to  contain,  within  a  radius  of  five  miles,  about  2,872,000  tons 
of  ore  in  sijrht.  In  the  di;*trict  triiverKHl  by  the  Great  Western  Railway  line  the 
deposits  of  ore  are,  perhaps,  more  extensive;  and  near  Stroud  and  Mu£c]ebroi>k 
there  are  beds  of  rich  maprnetite,  containing*,  however,  some  titanium. 

CuROMiTB.  Cobalt,  Majigaxesb,  Bismlth,  and  Mercubt. — Ore  deposits  of 
iheae  minerals  have  been  opened  in  several  parts  of  the  Colony,  but  only  worked 
SH  yet  on  a  small  scale;  thoy  deserve  greater  attention  than  has  hitherto  been 
bestowed  upon  them. 

Wolfram,  Scheblite,  and  Blesde  occur  in  several  localities  in  some  quantitv, 
and  will  in  the  future  be  probably  worked  with  profit 

Altjnite.-— A  rich  deposit  of  this  mineral  has  been  recently  opened  near  Stroud 
for  the  manufacture  of  alum. 

Diamonds  axd  Oiher  Gems.— Upwards  of  50,000  diamonds  have  been 
obtained  from  the  Tertiary  and  Recent  drifts  in  the  Bingera,  Oope's  Creek, 
C  idgeg?ng,  and  Mittagong  districts.  Tlie  largest  diamond  wdghed  aboat 
5|  carats.  With  efficient  appliances,  the  diamond  mining  industry  is  likely  to 
become  a  profitable  one  in  New  South  Wales.  Sapphires,  topaa,  beryl,  garnet^ 
and  zircons  are  of  frequent  occurrence. 

Building  Stones,  Marbles,  Serpent  xes,  Pottery,  and  Brick  Clats  occnr 
in  abundance,  and  of  excellent  quality.  Full  particulars  are  given  in  the  reports 
of  the  Department  of  Mines,  Sydney,  and  samples  of  all  the  above-mentiom'd 
minerals  are  exhibited  in  the  New  South  Wales  Court  in  the  Intem&tioual  Mining 
Exhibition  at  the  Crystal  Palace,  Loudon. 
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L — Ok  thb  Origin  and  Mods  of  Formation  of  the  Concretions 

IN   THE   MaGNEBIAN  LiMESTONES  OF  DuBUAM. 

By  £.  J.  Garwood,  B.A.,  F.G.S. 
(PLATES  XII.  AND  XIII.) 

IN  1826,  27,  and  28,  Prof.  Sedgwick  contributed  to  the  Geological 
Society  of  London  his  classical  papers  on  the  Magnesian 
Limestone  of  the  East  of  England,^  in  which  he  describes  in  detail 
the  concretionary  structures  which  occur  in  many  of  the  beds  of  this 
formation  in  Durham. 

Although  he  describes  these  concretions  in  minute  detail,  he  says 
but  little  as  to  their  probable  origin,  but  it  is  clear  that  he  regarded 
them  as  composed  of  carbonate  of  lime  derived  from  the  beds  in 
which  they  occur,  when  he  says — **  The  particles  (of  lime),  after 
deposition,  appear  to  have  run  into  lumps  and  masses  more  or  less 
crystalline,  rejecting  great  portions  of  the  earthy  residuum." '  Since 
Prof.  Sedgwick's  papers  little  seems  to  have  been  contributed  to  the 
subject  of  the  mode  of  formation  of  these  concretions. 

Two  opposite  opinions  are  held  with  regard  to  the  proximate 
source  of  the  carbonate  of  lime : — One  to  the  effect  that  the  lime 
was  introduced  into  the  concretionary  bed  subsequent  to  its  forma- 
tion, in  solution  from  without;  the  other  that  it  was  deposited 
contemporaneously  and  subsequently  segregated  out  in  situ. 

The  latter  opinion  is,  we  believe,  that  generally  held,^  though 
there  are  some  who  advocate  the  former,  which  may  be  called  *'  the 
Stalactitic"*  theory. 

Looking  at  the  Magnesian  Limestone  series  as  a  whole,  many  of 
the  concretionary  structures  appear  as  if  they  might  have  been  formed 
in  the  stalactitic  manner  supposed ;  but  when  the  individual  beds 
containing  the  concretions  are  studied  in  detail,  they  are  found  to 
present  many  points  which  appear  irreconcilable  with  the  theory  of 
their  stalactitic  origin. 

The  locality  where  these  beds  can  be  most  satisfactorily  examined 

*  Prof.  Sedg^ck,  '*  On  the  Geologpical  Relations  and  Internal  Structure  of  the 
Magnesian  limestone,"  Trans.  GeoL  Soc.  London,  2nd  series,  rol.  iii.  1835. 

»  Op.  eit.  p.  89. 

*  Pro!  Green,  Physical  Geology,  p.  279 ;  Geikie,  Textbook  of  Geology,  I8S5, 
p.  472. 

*  B.   Bowse,   "  On  the  Stalactitic  Origin  oi   Coiig\o\jtk\«A.  ^XxriOsowA  Vs^.  '^^ 
MagneaiMa  £imegtoDe,"  Tjnedde  NatondiBti'  Field-dub,  Octo\M(t)  V^*^^* 
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Pliow'i.ijc   her~e'~'aii'i°t'Cre    rou^h 
liiloriilly  into  ivoll-l>ed,ieil  limesloni 
sLow  well-marked  concentric  bandt 

The  concretions  are  piled  on  on 
between  ;  ohemically  they  ooneist  o 
of  lime  and  1*6  to  4  per  cent,  of  ma 

It  ii  difBoult  to  *ee  how  gaoh  mu 
fonned  by  infiltration  from  beds  d 
whioh  the  oarbonata  of  lime  dripf 
oonoretionB  ?  If  we  suppose  theae  t 
from  carbonate  of  lime  introdnoec 
bed  Bobaeqaent  to  th«  oonaolidatia 
ooonr,  then  the  original  bed,  now 
have  disappeared.  Bat  this  bed  w 
per  cent,  of  magnesia,  whioh  mast  li 
ont;  yet  it  is  hardly  likely  that  « 
oarbonate  of  lime  would  dissolve  out 
soluble  salt  of  the  two,'  and  we  oaoiu 
was  dissolved  out  first,  leaving  an  i 
carbonate  of  lime  afterwards  dripp 
ponded  in  some  mysterions  manner 
of  the  ooncretioDB  also,  whioh  is  aa  ' 
the  nuoleuB  as  it  is  laterally  and  ' 
preolade  the  poaaibility  of  their  havi 
solidified  rock-niaas. 

Again,  the  shells  forming  the  nnol 
in  beattifnl  preservation,  which  is 
case  if  they  had  Iain  in  a  porous 
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These  beds  consist  of  friable  yellow  marl,  in  wbioh  are  imbedded 
hard  sphseroidal  concretions  often  much  flattened.  The  concretions 
consist  of  85-95  per  cent  of  carbonate  of  lime,  and  6  to  12  per  cent, 
of  mai^esia,  while  the  matrix  often  contains  as  much  as  50  parts  of 
mas^nesia  on  100  of  carbonate  of  lime. 

The  beds  are  markedly  stratified,  the  lines  of  bedding  passing 
uninterruptedly  through  matrix  and  concretions  alike.  (See  PL  XIII.) 

This  fact  was  first  noticed  by  Prof.  Sedgwick,  and  it  is  perhaps 
the  strongest  argument  in  favour  of  what  we  may  call  the  '  Segre- 
gation' theory.  The  advocates  of  the  *  Stalactitic '  theory  refer 
these  lines  of  stratification  in  the  concretions  to  lines  along  which 
the  carbonate  of  lime  spread  out  when  dripping  from  above  in 
solution ;  but  this  does  not  account  for  the  individual  lines  of 
bedding  passing  uninterruptedly  from  matrix  to  concretion,  nor 
does  it  account  (if  the  formation  is  still  supposed  to  be  taking 
place)  for  the  fact  that  where  the  beds  dip  at  a  considerable  angle, 
the  lines  in  the  concretions  are  still  parallel  to  the  general  bedding 
of  the  rock,  not  parallel  to  the  horizon,  as  would  be  the  case  if 
they  were  being  formed  up  to  the  present  day  by  infiltration. 

These  flattened  concretions  contain  numerous  small  shells  dis- 
seminated through  them,  notably  PUuropterua  eoatatua  and  Turbo 
helidnua,  whereas  these  appear  to  be  altogether  absent  from  the 
matrix.  This  we  should  expect  according  to  the  '  Segregation ' 
theory,  the  shells  being  the  nucleus  round  which  the  carbonate  of 
lime  segregated,  and  any  fossils  remaining  in  the  matrix,  which 
is  extremely  porous,  would,  after  the  solidification  of  the  bed,  be 
readily  dissolved  out  by  subsequent  infiltration,  whilst  those  em- 
bedded in  the  concretions  would  be  protected  by  their  impervious 
covering  of  hard  limestone. 

These  fossils  are  frequently  found  projecting  from  the  sides  of  the 
concretion  along  lines  of  bedding,  in  the  same  way  that  one-half  of 
a  sponge  spicule,  or  other  organic  body,  is  found  embedded  in  a 
flint,  while  the  other  half  projects  into  the  surrounding  chalk. 

It  is  difficult  to  account  for  the  presence  of  fossils  in  these 
flattened  concretions  if  we  assume  their  stalactitic  origin,  as  we 
cannot  suppose  them  to  have  been  introduced  in  solution,  and  to 
have  reformed  as  fossils  on  the  solidification  of  the  concretion. 

Turning  now  to  the  chemical  side  of  the  question.  It  had  been 
hoped  that  a  detailed  chemical  investigation  of  these  beds  would 
have  conclusively  proved  by  which  of  the  two  processes  under  con- 
sideration these  concretions  had  been  formed.  For  supposing  the 
average  analysis  of  the  beds  containing  concretions  to  have  agreed 
with  the  analysis  of  beds  containing  no  concretions,  we  should  have 
been  justified  in  concluding  that  the  carbonate  of  lime,  of  which 
the  concretions  are  mainly  composed,  had  not  been  introduced  from 
overlying  beds  in  solution,  but  had  been  originally  deposited  as  part 
of  the  bed  in  which  they  are  now  found;  but  the  complicated  nature 
and  variable  chemical  composition  of  the  different  beds  of  the  series 
cause  the  evidence  so  aflbrded  to  be  less  oeTV«Ati^\i«Ai\!kfti\\^«s^'^^'^^'» 
although  the  resulta  are  by  no  meana  vaXuoVe^  vn  \Xi\%  QSi\«!k»iNRfa., 
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The  great  drawback  to  the  eridenoe  i»  tte  mecy  'fariaUe  eom- 
potition  of  those  beda  m  which  no  oonoraCioiia  are  develi^ed,  and 
the  diffionlty  of  selecting  a  bed  or  beda  mpmaenring  the  original 
oomporition  of  the  depoait,  aa  regaida  the  ralaliire  qnantitiea  of 
carbonate  of  magnesia  and  carbonate  of  lime  proaent.  In  the  anneasd 
table  are  given  average  analysea  of  oonoratioiiaiy,  atratified«  aind 
oompaot  magnesian  beda : — 


I.              II.           m.        nr.           y. 

lUtriz. 

CoiicratioiiSa 

Avsncs  of 
LsBdlL 

Ow^ 

BokerCKff. 

lOOlBft 

Cub.  Lune  •.. 
Bflieate 

46*07  100-00 

2-08 
80-68     66-74 

1*62 
16-68 

8-00 

86-14  100-00 

•26 
9-6      11-0 

1-98 

69-48  100 

1-60 
28-62    40 

12-60 

2-6 

86r78  100 

-09 
6-6    7-6 
2-0 
8-16 
2-10 

69-81  106 
Se-66    48 
14-18 

Gvb.  MaffiL... 
P«rozideiroa 

Insd.  inHCL 

99-88 

99*68 

99-66 

99-62 

100-00 

i 

Column  I.  gives  an  average  of  12  analyses  of  the  matrix  which 
are  each  tested  from  15  samples,  the  composition  shown  being  thus 
the  average  of  180  samples.  In  the  same  way  Column  IL  shows 
the  average  composition  of  180  samples  of  the  concretions. 

The  bed  selected  for  examination  is  that  shown  in  the  photograph, 
(Plate  XIIL),  which  extends  for  some  12  to  15  feet  in  a  downward 
direction.  It  will  be  seen  that  whereas  the  matrix  contains  66,  the 
concretions  only  contain  11  parts  of  magnesia  to  100  parts  of  lime. 

The  overlying  bed  (No.  IV.  of  the  Table)  is  a  well-bedded  lime- 
stone, which  forms  the  surface  beds  in  this  district,  and  if  the  con- 
cretions had  been  formed  stalactitically,  it  is  from  this  bed  that  the 
lime  must  have  been  derived ;  but  the  bed  shows  no  honeycombed 
appearance,  and  is  one  of  the  most  compact  members  of  the  series. 
This  overlying  bed,  which  is  20  to  30  feet  thick,  is  itself  thoroughly 
concretionary  in  its  structure,  although  on  a  minute  scale,  on  the 
type  of  the  globular  concretions  whidi  overlie  and  pass  into  it,  and 
if  the  lime  forming  the  concretions  is  to  be  regarded  as  derived 
from  infiltration,  the  whole  of  this  upper  bed  must  then  have  been 
formed  in  like  manner,  for  we  cannot  fix  an  arbitrary  size  of  con- 
cretion and  declare  that  all  those  larger  than  this  size  were  formed 
by  infiltration  and  all  those  smaller,  although  of  exactly  similar 
structure,  represent  the  bed  as  originally  deposited.  Since  then  the 
beds  immediately  overlying  our  concretionary  bed  are  also  con- 
cretionary, we  cannot  consider  them  as  representing  (according  to 
the  stalactitic  theory),  the  original  deposit,  and  we  cannot  use  them 
therefore  for  instituting  a  chemical  comparison  with  the  typical 
concretionary  beds.  If,  however,  we  go  to  higher  beds,  omitting 
those  which  have  concretionary  limestone  interbedded  with  them,  we 
Snd  nt  Boker  a  massive  bed  ii^taX^  \Q^  ^^t  tJhick ;  its  composition, 
aa  given  by  Meaars.  BtoweW  a^ud 'SAt\i^^>S&^Qwa.Saa.<C^ 

of  our  Table. 
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In  order  to  compare  the  composition  of  this  bed  with  that  of  onr 
bed  of  concretions,  we  must  obtain  the  average  composition  of  the 
latter,  and  to  do  this  we  must  determine  the  relative  proportions  of 
concretions  and  matrix  present.  Numerous  estimates  along  the 
exposure  give  roughly  2  of  matrix  to  1  of  concretions  as  the  approxi- 
mate proportions,  and  working  this  out  (Ck)lumn  III.  of  the  Table), 
it  gives  us  40  parts  of  magnesia  to  every  100  parts  of  carbonate  of 
lime,  which  will  be  found  to  agree  very  closely  with  the  analysis 
of  the  Roker  bed,  which  gives  43  parts  of  magnesia  to  100  of 
carbonate  of  lime. 

This  entirely  confirms  the  theory  that  the  lime  composing  the 
concretions  was  derived  from  the  beds  in  which  they  occur,  and  was 
not  introduced  subsequent  to  their  deposition.  We  must,  however, 
frankly  acknowledge  that  there  are  two  uncertain  factors  in  this 
comparison,  namely,  the  difficulty  of  arriving  at  an  exact  estimate 
of  the  relative  proportions  of  matrix  and  concretions,  and  the  some- 
what arbitrary  selection  of  the  bed  with  which  they  are  compared ; 
as,  however,  great  importance  has  been  attached  to  a  detailed 
chemical  investigation  of  these  beds,  we  give  the  results  of  our 
work  in  this  direction,  which  confirm,  as  far  as  they  go,  what  we 
have  before  alluded  to  as  the  *  Segregation '  theory. 

There  is,  however,  other  evidence  in  this  direction  derived  from 
a  study  of  the  chemical  composition  of  the  concretions,  namely,  the 
presence  in  them  of  magnesia  and  insoluble  matter. 

The  amount  of  magnesia,  which  is  sometimes  as  much  as  12  per 
cent.,  varies  considerably  in  different  concretions  in  the  same  bed, 
analyses  of  two  concretions  lying  a  few  feet  apart  yielding  in  one 
case  2'3,  and  in  the  other  6*3  per  cent  If  the  concretions  had 
been  deposited  from  percolating  water,  it  is  difficult  to  see  why  the 
water  should  vary  at  the  distance  of  a  few  feet  in  the  amount  of 
magnesia  it  contained,  whereas  on  the  segregation  theory  we  should 
expect  the  amount  of  impurities  imprisoned  during  the  process  to 
vary  from  point  to  point,  and  it  is  still  more  difficult  to  account  for 
the  presence  of  insoluble  matter,  which  is  usually  about  2  per  cent., 
and  in  one  specimen  amounts  to  as  much  as  8*5  per  cent,  of  the 
concretion. 

The  last  argument  against  the  stalactitic  origin  of  this  deposit 
that  we  have  to  bring  forward  is  the  fact  that  large  quantities  of 
calcite  occur  in  these  beds  which  have  undoubtedly  been  formed  by 
stalactitic  action.  They  consist  of  pure  white  fibrous  calcite,'  and 
contain  no  magnesia  or  insoluble  matter,  they  line  cavities  and 
cracks,  and  fill  in  the  interstices  between  the  concretions,  often 
coating  their  surfaces  to  the  thickness  of  an  inch,  and  roughly 
modelling  themselves  on  their  external  shape.  These  deposits,  which 
here  and  there  attain  a  thickness  of  5  to  6  inches,  can  be  traced  to 
joints  in  the  overlying  beds  through  which  the  carbonate  of  lime 
has  undoubtedly  obtained  access  in  solution,  the  walls  of  the  joints 

*  Browell  and  Kirkby,  on  "  The  Magnesian  L\meA\iQinfi  ol  li^K^wa.J'*  '^^^.''KNsiw, 
Tra2i5.  of  Northumberland  and  Durham,  vol,  i,  pt.  ^. 
'  Not  angonite,  aa  often  described  locaUy. 
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buds  as  a  wliule,  wUiuii  would  1o  a  lar 
by  the  oopioas  iafiltration  aecessary  i 
tiootry  straotaras. 

I'  (()  The  uaiDterrapted  paiABga  <^ 

_     I  tn^rix  and  ooDorations  alike. 

(c)  TheenormoDBthiokDeMof  Bome 

(d)  The  fiu)t  that  the  ooncretions  ooov 
Limeetone,  which  ie  overlaid  by  the  ' 
a  deposit  contaiDing  originally  probab 

(b)  The  fact  that  the  oonoretiona  « 
Limestone  seriei. 

II.  Ecidenee  from /M»ih.~{a)  The 
centre  uf  the  ntdial  oonoretiouB. 

(()  The  oconrreDOe  nf  cavities  at  t 
oooapied  by  oiguiio  matter. 

(e)  The  wonderful  state  of  preaervat 
oonoretiona  and  the  aluioat  total  abeem 
matrix. 

m.  C&MMcal.— (a)  The  great  simil 
tbe  oonoretionary  bed  as  a  whole,  and  t 
•eries  which  contain  no  oonoretionH,  v 
amounts  of  carbonate  of  magnesia  and 
oontaio.  Showing  that  it  is  unneoeasai 
of  extra  carbonate  of  lime  from  beds  ( 

(b)  The  variable  amount  of  magnesii 

(c)  The  presence  in  the  ooaoretions 

iusnliihlB  ni»io.-!~> 
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"  Concretionary  Action/*  but  it  does  not  enable  us  any  better  to 
i^alize  the  immediate  cause  of  the  process,  or  to  understand  the 
manner  in  which  it  was  brought  about.  With  regard  to  the  first  part 
of  the  problem,  namely,  the  cause  of  the  segregation,  the  following 
Qonsiderations  may  throw  a  little  light  on  the  subject 

The  concretionary  beds  are  usually  crowded  with  fossils,  and  it  is 
round  these  fossils  that  the  carbonate  of  lime  has  segregated  out ; 
they,  together  with  other  foreign  bodies  (probably  for  the  most  part 
organic  particles,  and  now  represented  by  cavities),  were  the,  so 
to  speak,  chemical  magnets  which  attracted  to  themselves  the 
available  carbonate  of  lime. 

The  Boker  beds,  on  the  other  hand,  which  are  quite  unfossiliferous 
but  are,  as  shown  above,  approximately  identical  in  composition, 
contain  no  concretions. 

It  might  be  urged  against  this  that  the  Middle  Limestone,  which 
contains  the  most  numerous  assemblage  of  fossils  in  the  whole 
system,  has  developed  no  concretions;  but  those  beds  contain  a 
relatively  large  proportion  of  carbonate  of  magnesia  to  carbonate 
of  lime,  which,  as  we  are  about  to  point  out,  seems  also  to  have 
influenced  the  decision  as  to  whether  a  certain  bed  should  or  should 
Bot  develope  concretions. 

The  presence  of  carbonate  of  magnesia  in  the  unconsolidated 
deposit  appears  up  to  a  certain  point  to  have  assisted  the  segregation 
of  carbonate  of  lime ;  but  when  the  quantity  of  magnesia  present 
reached  over  30  per  cent,  it  has  prevented  this  segregation  from 
taking  place,  except  in  small  local  patches.  On  the  other  hand,  in 
those  beds  which  are  composed  of  almost  pure  carbonate  of  lime, 
tlie  concretionary  structure  is  only  developed  in  a  minute  foroi 
throughout  the  mass. 

It  would  appear,  then,  from  this  that  where  the  deposit  was  fairly 
free  from  magnesia,  the  ''concretionary  action"  started  from  so 
many  centres,  that  no  centre  had  time  to  aggregate  more  than  a 
small  quantity  of  lime  to  itself,  before  it  came  in  contact  with  the 
growing  peripheries  of  neighbouring  concretions,  and  its  further 
growth  necessarily  ceased.  When,  however,  the  deposit  contained 
more  magnesia,  the  particles  of  lime  were  consequently  more 
widely  separated,  there  was  less  inducement  for  individual  effort 
on  the  part  of  would-be  centres,  and  only  the  larger  and  stronger 
ones  succeeded  in  attracting  particles  from  the  surrounding  mass, 
and  grew  in  size  in  proportion  to  their  numerical  scarcity ;  the 
distance  from  which  they  were  able  to  draw  particles  increasing 
in  proportion  with  the  increase  of  their  mass.  When,  however,  the 
proportion  of  magnesia  present  exceeded  a  certain  amount,  the 
distance  between  the  particles  of  lime  became  so  great,  and  their 
mutual  affinity  was  so  weakened  by  this  increased  separation,  that 
no  foreign  body  was  sufficiently  powerful  to  start  the  migration  of 
particles  in  its  own  direction,  and  the  deposit  solidified  as  an 
ordinary  compact  bed. 

We  have  then  in  concretionary  action  a  n«i^  «Ai^o\g:svy&  \ft^/:^'Qis^\s^ 
crystallization.     Wiien   the  ir^«**«^  -•  •  -^^^  ^i^  qc^u^c^xiXxaXr^  «sji^ 
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Iiowever,  tlie  solution  had  been  previously  diluted, 
,er  orjBtals  would  have  been  foraied,  and  this  dilulion 
;en  carried  to  a  point,  after  which  further  dilution 
rpvented  cryBlalHzalion  from  takinK  place  altogether, 
eeence  of  magnesia  is  the  primary  cause  of  the  forma- 
icrttioiis  is  borne  out  by  tlie  fact  that  they  are  confined 
ion,  although  there  are  plenty  of  other  limestones  in 
lequence  in  which  they  should  otherwise  have  occurred, 
ark  in  passing  that  no  argument  in  favour  of  the 
eory  can  limit  the  application  of  that  theory  to  thesa 
1,  for  the  character  of  the  deposit  ioto  which  the  lime 

have  been  introduced  could  have  no  influence  what- 
;  that  lime  lo  be  disBolved  from  the  beds  above. 

part  of  the  question,  namely,  the  process  by  which 
f  lime  were  conveyed  from  their  original  positions  in 
id  were  aggregated  round  their  respeolive  nuclei,  is 
It  one  io  answer,  and  we  do  not  appear  to  Lave 
^h  towards  the  right  underatAnding  of  this  process 
when  Prof.  Sedgwick  wrote.  Broadly,  the  process  is 
the  solution  of  sponge  spicules  in  the  chalk,  and  their 
mnd  nuclei  in  the  farm  of  flints.*  Carbonate  of  lime, 
■,  however,  different  material.  What  do  we  know 
tons  and  colloid  forms  of  carbonate  of  lime?  Ii  is 
^|ouit^bj™in^h^Ml^j^^ 
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II. — The  Eeoent  and  Eapid  Elevation  of  the  Ahebioan 

Cordillera. 

By  Henrt  H.  Howorth,  Esq.,  M.P.,  etc.,  etc. 

IN  some  papers  which  have  lately  appeared  in  the  Geological 
Magazine,  I  have  endeavoured  to  show  that  the  Ural 
Mountains,  and  also  the  great  masses  of  high  land  in  Eastern 
Asia  from  the  Altai  to  the  Himalayas,  are  of  very  recent  geological 
origin,  and  that  it  was  probably  their  rapid  elevation  which  caused 
the  great  diluvial  movement  of  which  traces  are  to  be  found  all  over 
the  Siberian  plains.  I  now  wish  to  call  attention  to  some  of  the 
evidence  which  points  to  the  American  Cordillera  being  also  a  very 
recent  geological  feature,  and  dating  from  the  same  period  of  cata« 
elysmic  revolution  which  closed  the  Mammoth  age. 

It  is  a  curious  fact  that  one  name,  America,  connotes  both  of  the 
great  continents  hung  together  by  the  isthmus  of  Panama.  The 
cause  of  this  is  of  course  purely  historical,  and  yet  it  coincides  with 
a  great  physical  fact,  namely,  their  essential  unity  in  more  than  one 
respect  The  generic  unity  of  the  old  inhabitants  of  both  continents 
is  a  peculiar  fact  in  ethnography ;  but  the  unity  is  even  more  remark- 
able in  this,  that  the  vertebral  column  which  runs  north  and  south 
through  the  two  Americas  is  essentially  one  backbone. 

On  this  subject  Humboldt  writes  with  his  usual  Incidity  and 
force.  Speaking  of  the  great  chain  of  mountains  that  runs  through 
both  continents,  he  says :  '*  This  is  the  most  continued,  the  longest, 
the  most  constant  in  its  direction  from  south  to  north,  and  north- 
north-west,  of  any  chain  of  the  globe.  It  approaches  the  north  and 
south  poles  at  unequal  distances  of  from  22^  to  33^.  Its  develop- 
ment is  from  2800  to  3000  leagues  (20  to  a  degree),  a  length  equal 
to  the  distance  from  Cape  Finisterre  in  Galicia  to  the  North-East 
Cape  (Chukchoi-Noss)  of  Asia.  Somewhat  less  than  the  half  of 
this  chain  belongs  to  South  America,  and  runs  along  its  western 
coast.  On  the  north  of  the  isthmus  of  Capica  and  of  Panama,  after 
an  immense  lowering,  it  assumes  the  appearance  of  a  nearly  central 
ridge,  forming  a  rocky  dyke  that  joins  the  gi'eat  continent  of  North 
America  to  that  of  the  South.  ...  As  the  continent  beyond  the 
parallel  of  Florida  again  widens  towards  the  east,  the  Cordilleras, 
of  Durango  and  New  Mexico  as  well  as  the  Rocky  Mountains,  which 
are  a  continuation  of  those  Cordilleras,  appear  to  be  thrown  anew 
towards  the  West,  that  is,  towards  the  coast  of  the  Pacific  Ocean ; 
but  they  still  remain  eight  or  ten  times  more  remote  from  it  than  in 
the  southern  hemisphere.  We  may  consider  as  the  two  extremities 
of  the  Andes,  the  rock  or  granitic  isle  of  Diego  Ramirez,  south  of 
Cape  Horn,  and  the  mountains  that  reach  the  mouth  of  the  Mackenzie 
River  (lat.  69°,  long.  130^°),  more  than  twelve  degrees  west  of  the 
Green  Stone  Mountains,  and  known  by  the  denomination  of  the 
Copper  Mountains  "  (Humboldt's  Narrative,  vol.  vi.  pp.  409-411). 

It  is  to  this  chain  chiefly  that  I  wish  to  direct  your  readers. 

llie  first  and  most  remarkable  fact  to  w\i\o\i  1  nvoxA^  ^tv«  %^Xrsi\.* 
tlon  IB  that  throughout  its  vast  lengQi  ^m  p\ao»A  \x>^^fai%\A  ^s^ 
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It)  there  nre  only  sligbt  traces  ia  be  found  of  andent 
rcffii  ill  the  icnglh  which  separateH  Chili  and  PalnfiituiiL 
t    lengih,    thpra  are  hardly  any  §cratched  l>oii1<leis, 
Qfi'-s,  or  polished  or  slriated  surfaces  which   we  caa 
vast  ploiiKli«hare  of  ice  which  has  left  its  mark  so 
oa  the  flanks  of  the  Alps  and  tlie  DovrefehlH,  (he 
of  Labrador  and  the  Nortb-Eaittem  parts  of  America, 
t  Ibe  best  observers  are  unanimous, 
turn  to  South  America, 
vin    who    first  drew   attention   to  the  djetribnlion  of 
Lilh  America.      Humboldt  bad  argned  that,  inasmuch 
ever   found   in    the  great  intertropical   plains    of  the 
F  America,  tbey  are  entirely  absent  from  the  whole 
'erring  to  this  caodusion,  Darwin  says  ;  "  As  far  oh  I 
over  from  tiie   works  of  travellers,  and  from  what  I 
;n,  the  remark  bobls  gooti  in  the  countries  on  bolh 
irdillera  as   far  aoutli  as  Central  Chile.     Azara  has 
led  such   to  bo  the  case  in  Chaco.     With  respect  to 
)f  the  AmazonR,  nothing  can  more  strongly  prove  it 
nine's  story  "  (Darwin's  Narrative,  p.  USil).    He  says: 
even  f,.r  400  or  500  leagues,  a  atone,  even  a  single 
a  rarity  as  a  diamond  would  be.     The  savages  of 
do  not  know  what  a  ttlono  in.  anil  have  not  even  a 
It  is  diversion  enough    to  see  some  of  them  when 
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essence  identical  with  the  Andes.  I  do  not  include  the  so-called 
Coast  Range  or  the  Cascade  Mountains,  or  the  Selkirk  Range,  or  the 
Sierra  Nevada.  On  all  these  there  are  traces  of  glacial  action  on 
a  considerable  scale ;  but  in  the  case  of  the  dominant  range  this  is 
not  so,  and,  except  on  some  of  the  higher  peaks,  where  the  phenomena 
may  have  a  very  recent  origin,  there  is  a  very  singular  absence  of 
such  phenomena. 

In  such  a  matter  I  cannot  quote  any  one  better  than  Mr.  Clarence 
King.     He  writes : 

"  In  the  field  of  the  United  States  Cordilleras,  we  have  so  far 
failed  to  find  any  evidence  whatever  of  a  southward-moving  con- 
tinental ice-mass.  As  far  north  as  the  Upper  Columbia,  and 
southward  to  the  Mexican  boundary,  there  is  neither  any  boulder 
clay  nor  scorings  indicative  of  a  southward-moving  ice-mass.  On 
the  contrary,  the  great  areas  of  Quaternary  material  are  evidently 
subaerial,  not  subglacial.  The  rocks  outside  the  limit  of  local 
mountain  glaciers  show  no  traces  either  of  the  rounding,  scoring, 
or  polishing  which  are  so  conspicuously  preserved  in  the  regions 
overridden  by  the  northern  glacier.  Everything  confirms  the 
generalization  of  Whitney  as  to  the  absence  of   general   glacia- 

tion Not  more  than  a  thirtieth  part  of  the  entire  surface 

of  the  fortieth  parallel  area  was  ever  covered  by  glacial  ice 

Whatever  the  greater  causes  may  have  been,  the  Cordilleran  snrface 
south  of  Washington  Territory  was  free  from  an  ice-sheet,  and  the 
only  ice-masses  were  small  areas  of  local  glaciers  which  did  not 
cover  two  per  cent,  of  the  mountain  country." 

Whitney  also  tells  us  that  in  the  interior  parts  of  the  Cordillera 
the  ancient  glaciers  usually  extended  down  to  about  7000  or  8000 
feet  above  the  sea  (United  States  GeoL  Expl.  of  the  40th  Parallel, 
pp.  459-461  and  464). 

In  Dr.  Wright's  recently  published  **  Ice  Age  in  North  America," 
we  read  : 

''  According  to  Whitney  there  are  no  signs  of  ancient  glaciers 
in  Western   Nevada,    though    some  of  the    mountains   rise  to    a 

height  of  10,000  feet In  Colorado  there  are  evidences  of 

ancient  glaciers  only  above  the  10,000  fool  line The  most 

southern  point  at  which  signs  of  local  glaciers  in  the  Rocky 
Mountains  have  been  noted  is  near  the  summits  of  the  San  Juan 
Range,  in  South- Western  Colorado.  Here  a  surface  of  about 
25  square  miles,  extending  from  an  elevation  of  12,000  feet  doum 
to  8000  feet,  shows  every  sign  of  the  former  presence  of  moving 
ice.  Northward  of  Utah  and  Colorado  the  signs  of  former  glaciation 
are  of  the  same  local  character ;  that  is,  glaciers  everywhere  radiated 
from  the  higher  mountain  masses,  and   extended  a  short  distance 

down  the  caiions  and  valleys The  glaciers   of  the  Sierra 

Nevada  and  Cascade  Range  in  California,  Oregon  and  Washington 
Territory  were  on  a  much  grander  scale  than  those  in  the  Rocky 
Mountains  "  (op.  eit.  pp.  148,  149). 

ProfeMor  Oiorge  Dawson,  in  oriticizmg  Bom«  o^"?tQ!l*^WD^\»w5f% 

mlt  arrived  at  in  flie  axeaa  ol  NT^\\»»i*  ^  ^ 
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i  is  tliat  comparatively  inly  a  very  Bmall  portion  of 
iges  of  moiiiilains  has  ever  been  covered  with  glnoierB, 
dfta  never  been  in  this  region  anything  like  a  northern 
■  a  fmn  sport  at  ion  of  material  iu  any  given  direolioQ 
'  the  present  topographical  features  of  the  country" 
SI,  p.  290). 
3.  K.  Gilbert,  in  his  report  on  the  geology  of  Nevadi, 

lite's   Teak   in    the  Schell    Range,    Nevada,  are  the 
Ines  of  five  or  sis  glaciers  that  (tescentled  to  8000  feet 
,  39°  15'.     At  about  the  same  altitude  and  iu  lat.  39° 
nd  an  Alpine  kke  upon  the  flanks  of  Wheeler's  Peak, 
Range  of  Nevaila.     OKI  Baldy  Peak  (N.  lat.  38°  IS"), 
Jtah,  oveHooks  two  tcrminnl  morainea.  one  of  which 
let  at  an  altitude  of  about  9000  feet.     No  traces  were 
ral  glaciation  such  as  the  Northern  Slates  experienced, 
lative  negative  evidence  is  of  such  weight  that  Mr. 
pinion  that  the  glaciers  of  the  region  referred  to  were 
'  higher  mountain  ridges  "  ("  Nature,"  vol.  xii.  p.  2S9). 
e   one    more   wilntss,    and   he    tie   most   important, 
emarks   refer  to    the  nortliem    prolongation    ot   the 
ins  in  latitudes  where  we  should  expect  to  see  glacial 
a  very  wide  scale. 
porjieDawaon,  tbedisliiiijiiishef!  son  cf  a  di.stingnished 
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n  the  world,  but  that  it  only  dates  in  its  main  features  from 
period  of  cataolysmio  revolution  in  physical  geography  which  c 
;he  Mammoth  age,  and  that  it  was  not  existing  at  the  time  o 
io-called  Glacial  period. 

This  position  may  be  supported,  as  similar  evidence  ca 
supported  in  the  case  of  the  Urals  and  other  ranges.  In  the 
place,  it  is  a  curious  proof  that  the  Rocky  Mountains  are  very  n 
that  they  do  not  constitute  a  real  zoological  boundary.  On 
subject  I  cannot  quote  a  better  authority  than  Mr.  Murray,  wl 
bis  Geographical  Distribution  of  Mammals,  p.  313,  says,  ' 
should  expect  the  Rocky  Mountain  range  to  form  the  chief  1 
tudinal  line  of  separation,  but,  as  already  said,  it  only  sepc 
Bpecies  in  a  minor  degree.  The  actual  mountain  barrier  appea 
be  the  Cascade  Range  on  the  west  side  of  the  Rocky  Moun 
separating  Oregon  and  California  from  the  rest  of  North  Amc 
and  the  dividing  limit  between  the  two  other  regions  seems 
the  Nebraska  country,  on  which  lie  the  Mauvaises  Terres 
Nebraska,  and  Niobrara  beds  on  this  side  of  the  Rocky  Mounta 
the  line  of  separation,  in  fact,  being  marked  by  the  site  o 
ancient  Tertiary  sea  in  which  these  beds  had  been  deposited." 

In  the  first  place,  it  is  a  remarkable  fact  that  the  remains  c 
South  American  Mastodon  of  precisely  the  same  species  should 
been  found  on  both  sides  of  the  Cordillera  of  the  Andes, 
incredible  that  an  animal  of  the  type  of  the  Mastodon,  which,  i 
know,  fed  on  trees,  should  have  traversed  the  high  range  over  i 
the  Alpaca  and  Vicuna  caa  hardly  pass.  In  North  Americ 
same  fact  presents  itself,  and  we  have  remains  of  the  Mas 
occurring  in  California  and  in  Oregon,  on  the  western  side  o 
Rocky  Mountains,  as  on  the  plains  east  of  that  range.  This  i 
to  me  to  be  very  strong  evidence  that  the  Cordillera  wa 
existing  in  the  Mammoth  age  to  act  as  a  zoological  frontier. 

Again,  it  was  long  ago  observed  by  Humboldt  that  remains  < 
same  animal  occur  on  the  high  plateau  of  Quito  and  elsewhc 
a  tremendous  elevation  in  South  America,  while  the  Mammot! 
its  bones  on  the  high  plateau  of  Mexico,  thus  offering  a  pe 
to  the  remains  from  Hiundes  in  Tibet 

I  will  quote  one  or  two  instances  in  support  of  this  conte 
Inter  alia,  Humboldt  discovered  a  large  number  of  Mastodon  re 
in  the  so-called  Giants'  Camp  at  Santa  Fe  de  Bogota,  in  Peru 
height  of  1300  toises  {i.e.  2600  metres)  above  the  sea  {id.  p. 
He  found  similar  remains  near  the  volcano  of  Imbaburra  i 
kingdom  of  Quito,  also  in  Peru,  at  a  height  of  1200 
{i,e.  2400  metres)  {id.  p.  266).  Others  again  at  Cbiquitos, 
Santa  Cruz  de  la  Sierra,  in  18^  S.  lat  and  almost  in  the  cen 
South  America.  On  the  west  of  the  Cordillera  J.  de  Jussieu  r 
a  great  deposit  of  these  bones  in  the  valley  of  Tarifa 
distance  of  more  than  130  leagues  from  the  sea,  and  200 
Potosi,  while  Humboldt  sent  one  to  Cuvier  from  Conce^^ti 
Chili  in  37^  S.  lat.  {id.  p.  267).  Darwin  a\&o  iovni^  xetsi^vc^s 
Maatodon  at  BanUk  Fe,  and  speaks  of  tiieir  oooxxTtui^  m^ 
mow'UD0» 
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e  sMuredly  remarkable,  and  it  is  not  atrange,  then- 

t  Uumlralilt,  after  remarking  how  the  bones  of  (he 

18  scatlered  in  the  auriferous  gravels  od  the  fltukt 

ve  the  very  recent  origin  of  that  chain,  ahoulil  go  on 

nieme  conclusion  Aa  aoulevement  s'applique  aoi 

les  deux  bi^miepb^res  sur  les  plateaux  An  Mexique, 

Jfrkn  (near  B<igota),  de  Quiio  et  du  Chili,  on  deconvre 

lnssilesdemofitudonteBtk  1200  et  1500  toises  de  bauteiiT" 

.  Aeiatique,  pp.  381,  3S2,  note). 

"  ilat.  Hist  vol.  i.  pp.  S86,  414,  429 

lolher    part,    one  curious    feature 

mting  to  their  oataclysmio  origin  is 

[  which  they  rise  out  of  the  adjmnir 

"The  Rooky  Mount;iin  rises  np  from  the  midat  u 

nzontal  sea  of  red  aandxtone;  as  if  Bome  tremendons 

KQ  it  upwards,  like  an  island  forced  np  from  the  depths 

Silliman's  Journal,  vol.  xxv.  p.  3o). 

"  La  obaiiie  dee  Montognea  Rocheueea  ne  projette 

:  proprement  dit  dans  lea  plaines  orientales.     Dea 

II  vienneut  se  heurter  au  pied  des  Monts  conime  des 

lippenl  les  roca  d'un  promontoire ;    la  transition  eat 

:   eacarpementB  et  les  plaines "  (Nouvelle   Geog. 

consifitoiit  i\itli    (liifl   clmin    having    been 


;  vol.  iii.  p.  579. 
<  of  the  Kocky 
the  sudden  and 
Tbui 
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«olitude8  no  rivulet  flows,  and  no  water  spring  gushes  forth ;  only 
after  journeying  for  many  a  long  hour  the  traveller  sometimes 
comes  upon  some  field  of  crystallized  salt,  a  white  expanse  on 
which  the  clouds  and  blue  sky  are  reflected  as  on  the  surface  of 

a  lake The  solitudes  of  the  Andes  most  resembling  the  desert 

regions  of  the  old  world  and  of  the  United  States  are  the  elongated 
plateaux,  which  rise  one  above  another  between  the  sea  and  the 
principal  chain  of  the  Andes,  in  southern  Peru,  and  on  the  frontiers 
of  Bolivia  and  Chili ;  such  as  the  Pampas  of  Islay  and  Tamarugal, 
and  the  desert  of  Atacama.  The  Pampa  of  Tamarugal  has  a  mean 
altitude  of  from  2900  to  3900  feet.  It  is  a  plain  nearly  covered 
with  beds  of  salt,  or  salares,  which  are  worked  like  rock-quarries. 
The  strata  of  salt  are  so  thick,  and  rain  is  so  rare  upon  the  plateau, 
that  the  houses  of  the  village  of  Noria,  which  are  inhabited  by  the 
workmen,  are  entirely  constructed  of  blocks  of  salt.  Some  deserts 
situated  to  the  east  of  the  Tamarugal,  on  more  elevated  plateaux, 
contain  a  still  larger  quantity  of  salt 

The  Pampa  of  Sal,  which  is  overlooked  by  the  volcano  of  Isluga, 
has  a  mean  altitude  of  not  less  than  13,800  feet,  and  its  whole 
extent,  which  is  125  miles  long,  and  from  9  to  24  miles  wide,  is 
perfectly  white.  The  depth  of  salt  deposited  upon  this  plateaa 
varies  from  5  to  16  inches,  according  to  the  undulations  of  the 
ground." 

'*  Whence  do  these  enormous  masses  of  salt  proceed  ?  Doubtless 
from  the  sea  or  ancient  lakes  which  formerly  covered  these  countries, 
and  have  been  gradually  emptied  by  the  rising  of  the  soil "  (Beolos, 
"The  Earth,"  pp.  107-108,  and  110-111). 

We  can  hardly  separate  the  drainage  of  these  seas  from  the 
upheaval  which  uplifted  great  collections  of  bones  of  the  Mastodon 
to  a  level  close  to  the  snow-line,  and  quite  outside  the  range  of  the 
soft- wooded  trees  on  which  they  fed.  The  Salt-licks  of  Ohio  actually 
contain  great  masses  of  Mastodon  and  other  bones. 

If  we  cross  the  Cordillera,  both  in  North  and  South  America,  from 
west  to  east,  we  have  another  and  equally  difficult  problem  to  solve, 
namely,  to  account  for  the  vast  and  continuous  beds  of  unstratified 
loam  which,  whether  we  call  it  Loess  or  Pampas  mud,  has  the  same 
structure,  and  which  no  ingenuity  can  mistake  for  a  deposit  which 
has  been  thrown  down  by  water  in  a  gradual  way,  or  been  accumu- 
lated at  all  in  a  gradual  way,  since  it  not  only  has  no  signs  of 
stratification,  except  in  very  local  circumstances,  but  overspreads 
whole  continents  with  its  mantle,  irrespective  of  the  drainage  or  the 
contour  of  the  country,  and  which  seems  unmistakeably  to  prove  the 
operation  of  some  rapid  and  cataclysmic  cause. 

In  regard  to  South  America  some  of  the  most  distinguished 
geologists,  such  as  D^Orbigny,  Brongniart,  Elie  de  Beaumont,  etc., 
have  not  scrupled  to  explain  it  as  a  consequence  of  the  sudden  or 
very  rapid  upheaval  of  the  Andes.  D*Orbigny,  who  is  much  the 
most  distinguished  geologist  who  has  written  on  South  Amerloa^ 
which  he  explored  so  diligently,  and  upon  \?\i\c^  \i'&  ^\jXX\^^^  ' 
moat  magDi£cent  wprk,  ia  very  empbatlo  on  \i)QLe  «\}[\^^«cX>>  vcA  \  "o^^ 
qaote  aome  paaaagea  from  his  too  little  ooiiB\i\lie&  ixiaAXArgfv^ff^* 
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The  Pampas  deposit,  he  tells  us,  oovets  an  area  of  SS^TSO  sqwn 
leagnes,  and  rises  gradually  from  the  sea-lerel  to  a  hondred  mkim 
or  more.  It  also  fills  small  eleTated  valleys  as  at  Tarija,  at  CSotdia- 
bamba,  2576  metres  above  the  sea,  and  all  the  Bolivian  plateaa  sfc 
the  mean  height  of  4000  metres;  so  that  tt  ooonrs  at  auhei|^ 
from  the  sea  to  the  summit  of  the  Oordilleraa.  It  consists  of  a 
homogeneous  reddish  unstratified  loam.  It  is  the  same  at  Chiqnifcos 
and  Mozos,  while  on  the  Bio  Piray  it  is  somewhat  mixed  with  olsy, 
and  is  the  same  on  the  high  plateaux  as  it  is  on  the  Pampas,  m 
only  oontains  Mammals'  bones.  It  ootots,  in  faot,  the  snrfaoe  of 
nearly  all  South  Amerioa,  and  is  the  result  of  one  general  osass 
(D'Qrbigny,  toL  itL  pt  8,  pp.  260,  261).  It  oovers  depoeits  of  all 
ages — Silarian,  Devonian,  Carboniferous,  Triassio  and  Tradiytie 
{id,  p.  268).  If,  as  Darwin  argued,  this  deposit  was  of  fluTstile  or 
estuarine  origin,  how,  says  D'Orbigny,  can  we  explain  its  presenos 
both  on  the  plains  and  the  high  plateaux  ?  This  makes  it  clear  that 
its  cause  was  not  a  local  but  a  general  one  (id.  p.  266). 

Another  fact  which  points  the  same  moral  is  the  absence  of 
stratification  in  these  loamy  beds.  In  certain  places  it  is  harder 
or  more  or  less  sandy ;  but  these  parts,  far  from  being  separated 
from  the  rest  by  horizontal  lines,  which  always  show  themselves  in 
beds  deposited  slowly  from  water,  form  one  mass  with  indistinct 
zones  which  are  very  transient  In  one  word,  it  may  be  said  that 
the  Pampas  mud  was  deposited  in  a  very  short  time  and  was  the 
result  of  a  great  terrestrial  commotion  (d'Orbigny,  vol.  iiL  pt.  3, 
p.  73). 

Elsewhere  he  explains  what,  in  his  view,  was  the  nature  of  this 
commotion.  He  tells  us  how  great  dislocations  took  place  in  the 
bed  of  the  ocean  to  the  west  of  the  American  continent.  Tbis  dis* 
location  was  coincident  with  the  sudden  or  rapid  upheaval  of  the 
Andes  over  a  length  of  60  degrees  or  1250  leagues.  This  upheaval 
caused  the  sudden  movement  of  the  sea,  which  invaded  all  at  ones 
the  continent,  carried  oiT  and  overwhelmed  the  Mastodons  which 
inhabited  the  eastern  flanks  of  the  Bolivian  Cordillera,  the 
Megatheriums,  Megalonyxes,  and  the  multitude  of  animals  daily 
being  discovered  in  the  caverns  and  the  fissures  of  the  mountains 
of  Brazil — all  the  species,  in  fact,  which  are  extinct  It  was  then, 
perhaps,  that,  mixed  with  the  earth,  the  animals  were  tumultuously 
deposited  in  the  lower  parts  of  the  Tertiary  basin  of  the  Pampas, 
and  thus  formed  the  immense  deposit  of  Pampas  mud  (op.  ctl.  vol.  iiL 
pt  8,  p.  82). 

Again  he  says :  "  My  final  conclusion  Irom  the  geological  faoti 
I  observed  in  America  is,  that  there  was  a  perfect  coinoidenos 
between  the  upheaval  of  the  Cordilleras,  the  destruction  of  the 
great  race  of  animals,  and  the  great  deposit  of  Pampas  mud.  Thus 
these  three  questions  of  immense  importance  for  American  geology 
and  for  the  chronological  history  of  faunce,  may  be  explained  by  one 
cause,  namely,  tbe  upbeavsV  o^  \.\i^  Cjordilleras,  to  whiob  we  may, 

perb&pa,  attribute  the  aBslo^\»  "^etvom^iia.  ^1  -^Vx^  ^^ssss^ji^  has 

been  the  theatre  "  (id.  ^oL  m,  iglU  ^»  y&-  ^»  ^^V 
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Elsewhere  again  he  points  to  other  facts  which  prove  more 
directly  the  coincidence  in  time  of  the  rise  of  the  Cordilleras  and  the 
deposit  of  the  Pampas  mud  by  the  waters  as  the  result  of  this 
elevation  are  without  doubt  the  numerous  depressions  and  denuda- 
tions which  cut  into  the  soil  from  east  to  west,  and  the  dispersion  of 
porphyry  boulders  over  all  the  Tertiary  deposits  of  Patagonia.  If 
these  denudations  had  been  subsequent  to  the  deposit  of  the  Pampas 
mud,  it  is  evident  that  the  porpbyritio  boulders  with  which  the 
ground  is  covered  over  round  the  circumference  of  the  Pampas 
would  also  have  covered  the  Pampas  deposit,  whereas  they  cease 
just  where  the  Pampas  mud  begins,  as  Darwin  showed  when  he 
says  they  are  found  from  the  Straits  of  Magellan  to  the  Rio  Colorado. 
We  may  thus  look  upon  the  elevation  of  the  Cordilleras  as  the  cause 
which  at  the  same  time  drove  the  water  from  West  to  East  with 
sufficient  violence  .to  denude  the  Tertiary  soil  in  the  direction  of  the 
slope,  and  to  sweep  from  the  Andes  the  porphyry  boulders  which 
cover  all  Patagonia,  and  we  may  see  in  the  same  fact  the  reason 
why  the  vegetable  soil,  eta,  was  swept  from  all  the  Tertiary  strata 
of  Patagonia  to  be  deposited  in  the  great  ressrvoir  of  Pampas  mud. 

I  hold  that  the  waters  which  deposited  the  Pampas  mud  were 
salt,  because  all  the  clay  deposits  of  the  Upper  Andes  containing 
bones  are  saline.  It  is  so  also  with  the  Pampas  mud,  which  shows 
efflorescence  at  different  points.  But  the  best  proof  is  the  existence 
of  salt  lakes  dating  from  this  period  at  the  summit  of  the  Cordilleras, 
and  in  all  the  depressions  caused  by  water  in  the  plains  of  Patagonia, 
and  this  perhaps  accounts  for  the  salt  springs  occurring  in  various 
places"  (D'Orbigny,  vol.  iii.  part  3,  p.  82,  etc.). 

These  views  were  shared  by  other  inquirers.  Thus  in  a  report  to 
the  French  Academy  on  the  discoveries  made  by  Lund  in  Brazil, 
v^e  find  the  reporters,  Brongniart,  Dufrenoy,  and  Elie  de  Beaumont, 
saying,  "  The  deposit  in  Brazil  only  differs  from  that  of  the  Pampas 
by  the  presence  of  quartz  pebbles,  probably  derived  from  subjacent 
beds ;  there  it  is  from  3  to  16  metres  thick,  and  extends  up  the 
flanks  of  the  mountains  to  a  height  of  2000  metres."  Mr.  Lund 
attributes  the  red  loam  of  Brazil  to  a  great  irruption  of  waters 
which  covered  all  this  part  of  the  earth,  and  put  an  end  to  the 
existence  of  living  animals.  ''Whatever  modifications  this  hypothesis 
is  destined  eventually  to  suffer,  it  seems  to  us  evident,"  say  the 
learned  reporters,  **  that  the  extension  of  the  Pampas  mud  over  the 
mountains  of  Brazil  upsets  the  theory  that  this  mud  was  deposited 
tranquilly  in  the  estuary  of  a  ^reat  river,  and  this  extension  seems 
very  probable,  since  the  Brazilian  mountains  are  not  the  only  ones 
where  it  occurs.*'  ....  The  area  covered  by  the  Pampas  mud  is 
equal  to  that  of  France,  and  the  deposit  which  contains  Megatherium, 
Megalonyx,  Hoplophorus,  and  Mastodon,  on  the  Parana,  is  200  myria- 
m^tres  from  Minas  Geraes,  where  Lund  found  the  same  animals, 
proving  that  the  cause  of  their  deposition  operated  on  a  great  scale 
over  the  continent  of  America,  and  that  we  must  invoke^  if  w«  ax^ 
to  explain  it,  some  general  and  widespread  caw^. 

I  have  not  pretended  in  this  short  paper  to  do  tclox^  >[Ja»XL  c«5^« 

'^CAIW  lit — TOL,  vin. — IfO.   X.  *^^ 


W.  Dotison—BrUiih  Earthquakes  of  1890. 

I,  which  might  be  greatly  multiplied.  Tbey  Beem 
lat   the  American   Cortlillera,   like   the    Htji^hlanilfl  of 

a  a  very  new  featare  in  the  phyRical  history  of  the 
I  show  that   their   upheaval  dat«8  very  largely  from 

I,  that  it  was  very  rapid,  if  not  Buiiden,  and  that 

spread  diluvian  movement,  to  which  we  mnsi 
■eHtruction  of  a  large  part  of  the  Fleietooene  fauna, 
■itjg  of  the  great  mantles  of  unstratified  loam  in  the 
Ith  America,  and  the  Loess  districts  of  the  North. 


By  Cwiai-iB  Datibon,  M.A,, 
Bcsl  HasUr  at  Eiag  Edward's  Higb  School,  Bimungbiun- 

remarkahle  earthquakes  of  the  year  1890  were  Ihoee 

9  dislrict  rouDi]  InvemeeB  between  November  15  and 

These  have  been  described  in  a  separate  paper.' 

arthquakes  were  of  comparalively  slight  intensity. 

ere   felt   during   the   night   of  June   25-26   wiihia 

t  to  Ihe  north-east  of  Leeds,  and  one  at  least  in 

■  uly   24.      Several    alight    shockH    at    Invergarry   and 

.a-ehire,  complete  Ihe  list  so  fur  as  known  to  me, 

gtiou  of  a  doubtful  shock  at  Tulliallan  in  Ferthahira 
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line  of  this  area  corresponds  to  an  isoseismal  of  intensity  ] 
nearly  so ;  it  contains  a  little  more  than  60  square  miles. 

Throughout  the  disturbed  area,  the  shock  seems  to  have  coi 
of  a  single  vibration;   no  tremulous  motion  being  noticed 
before  or  after.     At  Boston  Spa,  it  is  said  to  have  resemble 
explosion,  or  the  sudden  and  loud  banging  of  a  subterranean 
At  Walton,  a  village  close  to  the  epicentrum,  the  movemec 
lateral  only,  no  vertical  motion  being  perceptible. 


•  CUffbrtC 


gccO,  rJ>aus.  .BcU^^Af 


r  I  I 
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Estimates  of  the  duration  are  variable,  and  probably  includ 
of  the  accompanying  sound  in  one  or  two  cases.     At  Collin 
the  shock  seemed  to  be  instantaneous.     It  is  stated  to  have 
a  second  or  two  at  Boston  Spa,  two  seconds  at  Hunsingore, 
three  seconds  at  Walton,  and  about  ten  seconds  at  Tockwith. 

The  intensity  was  IV.  at  Askham  Richard,  Bilbrough,  Bosto 
Cowthorpe,  Spofforth,  Tockwith,  and  Walton;  and  III.  at  ] 
Percy. 

Sounds  were  heard  accompanying  the  shock  at  eight  pla 
least ;  from  eight  others  no  record  is  given  on  this  point ;  at 
places,  Askham  Richard,  Bolton  Percy,  and  Spofforth,  it  is  exp 
stated  that  no  sound  was  heard.  The  sound-area  was,  thei 
somewhat  less  extensive  than  the  disturbed  area. 

The  epicentrum  is  about  half  a  mile  N.E.  of  the  village  of  W 
and  13  miles  N.E.  of  Leeds. 

Second  Shock :  June  25,  about  1  h. — ^This  shock  was  felt  by  s 
persons  at  Boston  Spa,  but  I  have  not  \>QQi[i  «^\^  \i^  OcAa: 
detailed  observationa. 


■^^I^HI 
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19  day,  at  about  4h.,  a  third  sbook  is  said  to  have  been 
■rby ;  but,  in  the  absence  of  any  further  information, 
■  muBt  be  regarded  as  doubtful, 

he  Shoclct.—\a  Ihe  immodiiite  neigbbonrhood  of  Iho 
here  Bt'iicarB  to  be  no  fault  with  which   these  eartb- 
'V,  connected :  at  any  rate,  none  ib  marked  upon  the 
The  evidence  given  above,  slight  as  it  is,  eeema  to  me 
oppose  than  to  favour  the  view  that  they  were  fault- 
similar  Bbocks,  though  distnrbing  smaller  areas,  are  of 
rreuce  at,  and   in  the  neighbourhood  of,  Sunderland, 
een  studied  and  discussed  by  Prof.  G.  A.  Lebour  in  an 
.er"On  the  Breccia-gashes  of  the  Durham  Coast,  etc."' 
in   limestone  at  Sunderland  is  about  400  feet  thick, 
merous  caverns,  many  of  them  naturally  formed,  soma 
icial  owing  to  the  withdrawal  of  water  by  the  local 
ly.     Fragments  of  rock  must  frequently  fail  from  tlie 
caverns,  and  it  is  to  the  concussions  produced  by  then 
Iwnr,  with  very  good  reasoo  I  believe,  attributes  (he 
locks.     That  such  falls  have  frequently  taken  place 

es  "  which  may  be  seen  along  the  coast  of  Durham, 
probably  continuing  at  the  present  time  is  shown  by 
;h  has  been  obtaiued  since  the  publication  of  Prof. 

C.  Ddcison — Bn'ti-'sh  Edrihquahcs  o/"1800. 

seismic  focus  must  baTo  been  very  sligbt.  Tbis  i8  sbown  b 
(1)  tbe  smallness  of  tbe  disturbed  area  coDsidering  the  intensit; 
the  shock ;  and  (2)  tbe  horizontal  direction  of  the  motion  at  Wall 
a  Tillage  only  about  half  a  mile  from  tbe  epicentrum.  Bearing 
mind  also  the  nature  of  the  disturbances,  it  seems  to  me  therei 
very  probable  that  tbe  Yorkshire  earthquakes  were  due  to  the  fall 
of  masses  of  rock  in  caverns  of  the  magnesian  limestone. 

Authorities. — A  short  account  of  the  shock  is  given  in  the  **  Le 
Mercury  "  for  June  27.  But  for  most  of  the  observations  on  wli 
the  above  description  is  founded,  I  am  indebted  to  the  kindness 
the  following  correspondents  :  Askham  Richard,  Mr.  T.  B.  N.  Mil 
Bilbrough,  Miss  Metcalfe ;  Bolton  Percy,  the  Right  Rev.  the  L 
Bishop  of  Beverley ;  Collingham,  Rev.  6.  L.  Beckwith ;  Cowthoi 
Rev.  S.  H.  Oaisford ;  Hunsingore,  Rev.  J.  J.  D.  Dent ;  Spoffo; 
Mr.  R.  T.  Vyner;  Took  with,  Mr.  F.  M.  Clarkson;  Walton,  Mr, 
B.  Waite,  F.L.S.  The  details  with  reference  to  the  subsidence 
the  Sunderland  and  Ryhope  Road  are  taken  from  a  letter  by  '. 
Backhouse  in  the  "  Sunderland  Daily  Echo  "  for  Deo.  6,  1887. 

EiNTYKB  Eabthquakk  :  July  24. 

Time  of  occurrence,  lib.  37m. ;  Intensity,  V. 

I  did  not  hear  of  this  earthquake  until  some  months  after 

occurrence.     Partly  on  this  account  and  partly  from  the  difficult} 

obtaining  information  in  a  district  so  thinly  peopled,  I  can  give 

little  beyond  a  slight  description.    I  regret  this  the  more,  at 

would  have  been  interesting  to  have  traced  its  relations  with 

earthquake  felt  in  the  same  dutrict  on  July  15, 1 889. 

Most  of  the  places  from  which  I  have  received  records  are 

dicated  on  the  map  of  the  earthquake  of  1889.^    These  places 

Clachan,  Glen  Saddell,  Gigha,  Eilberry,  Tayinloan  and  Whitehoi 

At  Clachan  and  Tarbert  the  shock  was  accompanied  by  a  rumbli 

noise.     Throughout  the  island  of  Gigha,  to  the  west  of  Eintj 

a  rumbling  noise  was  heard,  but  the  shock  itself  was  not  peroeiv 

Neither    shock    nor    sound   was   noticed  at  Belloohantuy,  nor 

Lochranza  in  the  island  of  Arran. 

With  evidence  so  slight,  it  is  not  possible  to  determine  the  outl 

of  the  disturbed  area.     It  cannot  have  differed  much  from  that 

the  year  before ;  towards  the  north  and  south  its  limits  may  he 

been  about  the  same ;  but  it  did  not  extend  so  far  towards  the  m 

Its  epicentrum,  though  probably  not  very  distant  from  the  village 

Clachan,  must  therefore  lie  somewhat  to  the  west  of  that  of  I 

earthquake  of  1889. 

;;        With  regard  to  the  nature  of  the  shock,  I  know  very  little. 

^-    Clachan,  it  began  with  a  series  of  tremors  "  so  sharp,  short  a 

*    quick  as  not  to  be  easily  counted."     These  increased  in  intens 

^    until,  at  the  end  of  twenty  seconds,  ''a  vibration  was  felt  like  w] 

«i    would  be  caused  by  a  heavy  stone  falling  from  a  very  great  heigh 
il 

]^  See  page  366  of  this  volume.    Tayinloan  is  about  one  mile  N.  of  Eillei 
Whitehouse,  7  miles  E.  16°  S.  of  Kilberry ;  Belloc\iMitirf,  1^  \n2^<a  ^.  Vf  ^ 


I  Darison—Brmh  Earthquakm  <if  1890. 

linent  Tibralion,  or  "  blow,"  the  tremalona  moHon 
id  lasterl  for  five  Beoon<lB.  During  the  whole  time 
laateil,  a  sound  waa  heard  "reaembliiig  the  noise  of 
|i]iiwn  a  chimne3',"  loudest  at  the  moment  when  tho 
a  dull  "thud"  beiog  then  heard  "aa  of  b  Bup- 

s  V.  at  Clachan,  and  at  Tarbert  not  lees  than  IV. 

le  eame  day.  a  second  shock  was  felt  at  Clachan; 

iw,  by  one  observer  only. 

|-Por    the    information    on    which    the    abowe   eliort 

Lshed  1   have   pleasure  in  thanking :  Beliochantuy, 

e;   CUchan,  Rev.  J.  Cameron,  Mr.  A.  McLellan; 

Ir.  J.  McT.*od.  of  Saddell ;   Gigha.  Mr.  K.  A.  Cavsna, 

■  oKenzie ;    Lochranza,  Kev.  J.  Johnstone;    Tarbert, 


IllTBOaAKEB   AT  IkVEROAHRY  AND  FedDAN. 

Bakes  at  these  two  places '  are  interesting  owing  to 
nexion  with  the  great  fault  which  follows  approii- 
5  of  the  Caledonian  Canal.  Invergarrj'  lies  about 
li)f  the  centre  of  Loch  Oich,  am!  Fedilan  about  three 
n  the  centre  of  Loch  LocLy.     For  the  following  liela 

uess  of  Mr.  John  Giant,  of  Invergarry, 

^n,  of  Feddan,  both  of  whom   are   doing 
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Doubtful  Earthquake. 

Jan.  6,  between  Ih.  and  2h.,  Tnlliallan  (south  of  Perthshir 
The  following  account  is  taken  from  a  paragraph  in  the  "  I 
shire  Advertiser  "  for  Jan.  8.     **  Between  one  and  two  o'clock 
what  is  believed  to  have  been  an  earthquake  shock  was  disti 
felt  in  the  parish  of  Tulliallan.     The  night  was  extremely  stc 
with  thunder  and  heavy  sleet  showers.     But  readily  distinguisl 
from  the  sound  either  of  the  wind  or  of  the  thunder  there 
a  roaring  noise  like  that  of  an  express  train  passing  at  full  s 
accompanied    by   a  trembling   sensation   of    the  ground,   sue 
Londoners  who  dwell  near  the  Underground  Railway  are  aocust 
to.     The  noise  seemed  to  increase  in  intensity  as  it  approached 
then  died  away  again  in  the  distance,  just  as  that  of  a  passing 
would  have  done.     There  is  no  railway  within  several  miles." 

This  is  the  only  account  I  have  been  able  to  obtain.  Fron 
description,  it  is  obvious  that  the  shock  closely  resembled  that  < 
earthquake,  but,  considering  the  circumstances  of  its  occurrenc< 
evidence  is  not  sufficient  in  itself  to  establish  its  seismic  origin. 


IV. — Lower  Grebnsand  and  Purbeoks  nr  the  Yale  oi 

Wardour,  Wilts. 
By  the  Rev.  P.  B.  Brodib,  M.A.,   F.G.S. 

IN  the  Geological  Magazink  for  July  last  the  Rev.  W.  And 
and  Mr.  Jukes- Browne  gave  an  account  of  Lower  Cretai 
strata  in  the  Yale  of  Wardour.  I  can  bear  testimony  to  the  coi 
ness  of  this  statement.  Many  years  ago,  when  geologizing  ii 
vale  chiefly  among  the  Purbecks,  I  found  many  portions  of 
stone  and  hard  ferruginous  sandstone,  in  the  fields  and  by  the 
8i<le  both  at  Dinton,  Teffont  and  especially  at  Chilmark,  contai 
casts  of  Cyrena,  Turrttella,  and  a  part  of  a  dermal  scute  of  a  Sai 
which  I  believe  belong  to  the  Lower  Oreensand,  but  I  never  a 
in  aitUf  and  it  seems  to  have  been  greatly  denuded.  A  few  ; 
ago,  after  an  absence  of  nearly  fifty  years,  I  paid  another  vi 
some  of  my  old  haunts  in  this  beautiful  district,  in  company 
Mr.  Andrews,  who  was  anxious  to  find  out  the  exact  spot  wh 
obtained  insects,  fish  and  Archaantscm ;  but  after  a  careful  searc 
trace  of  the  old  quarry  could  be  seen,  and  the  place  was  fille 
and  overgrown  with  bushes.  In  no  other  locality  in  the  YaL 
a  similar  limestone  been  found,  though  Archaoniaeua  and  a 
remains  of  insects  occur  lower  down  in  the  Middle  Purbecks  a 
lime  quarry  above  Teflfont  Rectory,  where  Mr.  Andrews  has  obti 
several  new  and  interesting  fish,*  plants,  and  other  organisms. 
Dinton  the  insects  were  fairly  abundant,  and  Archaontscus  espe( 

^  Among  these  fish  is  CoeeoUpU  Andrewtiif  A.  S.  Woodw.,  which  is  all 
TalaoniscM,  and  is  now  in  the  Jennyn  Street  Museum.  Mr.  Smith  Woo 
lately  showed  me  another  remarkahle  small  fish  sent  to  him  by  Mr.  Andrew 
Teffont,  which  the  former  will  shortly  figure  and  describe.  These,  added 
others  long  ago  figured  and  described  from  Dinton,  make  a  most  interesting  ^ 
new  forms  from  the  Wiltshire  Purbecks.  The  other  genera  ixom  T^^^'^  ^ 
I'ieurqpholis,  Microdon,  showing  the  teeth  in  licit,  ttod  Lipidotua  minor « 
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80.  It  seems  probable  that  the  insect  limestone  below  the  Arohno- 
nisous  bed  there  is  of  limited  extent,  though  if  pits  were  opened  at 
the  same  spot  more  of  the  limestone  would  be  found. 

The  cutting  in  the  railway  close  by  exposed  the  Isopod  limestoiie^ 
but  no  trace  of  the  Insect  bed  was  seen,  as  the  excaTation  at  this 
spot  was  not  deep  enough  to  reach  it  At  Chicksgroye,  in  the  large 
quarry  then  opened  near  Tisbury,  at  the  base  of  the  Purbedks,  I 
only  obtained  one  elytron  of  a  beetle,  but  some  ArekmanUcma  Tcry 
much  larger  than  those  at  Dinton  and  Teffont  This  may  be  a 
new  species,  but  has  not  been  figured  or  described.  It  is  twice  as 
large  as  the  specimen  figured  in  Fossil  Insects,  pi.  i.  fig.  7.  Owing 
to  the  rough  nature  of  the  matrix,  probably  *  the  cap '  of  the  Isle 
of  Portland,  these  are  not  so  well  preserved  as  those  from  Dinton 
and  Teffont  This  Isopod  Crustacean  evidently  ranged  from  the 
base  of  the  Lower  Purbecks  at  Chicksgrove,  through  the  lower  part 
of  the  Middle  Purbecks  at  Teffont  to  the  upper  division  at  Dinton. 
In  one  specimen  of  ArchBoniscua  from  Durlstone  Bay,  Dorset,  the 
Isopod  is  lying  on  its  back,  showing  all  the  legs  folded  together  under 
the  abdomen, — the  only  example  I  ever  obtained  in  tJiis  position. 
The  recent  discovery  by  Messrs.  Andrews  and  Browne  of  Upper 
Purbecks  in  the  Vale  of  Wardour,  hitherto  supposed  to  be  absent, 
is  of  much  interest  to  geologiHts,  especially  to  those  who,  like  myself, 
have  long  studied  these  beds. 

y. — NoTS  ON  AN  ITndxscbibed  Abra  of  Lowbb  Gbeensand 

OB  Vectian  in  Dobsbt. 

By  A.  J.  Jukbb-Browne,  B.A.,  F.6.S. 
Communicated  by  permission  of  the  Director  Greneral  of  the  Geological  Survey. 

FTIL  recently  no  outcrop  of  the  Vectian  or  Lower  Greensand 
was  known  to  occur  between  Lul worth  on  the  coast  of  Dorset 
and  the  neighbourhood  of  Devizes  in  Wiltshire.  It  was  supposed 
that,  with  the  exception  of  a  small  area  of  Weal  den  in  the  Vale  of 
Wardour,  the  whole  of  the  Lower  Cretaceous  Series  in  Dorset  and 
South  Wilts  was  concealed  and  buried  beneath  the  overlapping 
Upper  Cretaceous  strata.  A  recent  examination  of  this  district 
however  has  revealed  two  areas  where  the  Vectian  sands  emerge 
from  beneath  the  Gault.  One  of  these  has  already  been  indicated 
in  the  pages  of  the  Geological  Magazine;^  the  other  is  the  subject 
of  the  present  communication. 

Reference  to  the  Geological  Survey  Map,  Sheet  16  will  show  that 
the  Gault  was  supposed  to  thin  out  and  disappear  near  Shaftesbury 
Ko  as  to  allow  the  Upper  Greensand  to  rest  directly  on  the  Eiuieridge 
Clay.  This  proves  to  be  a  mistake ;  the  Gault  is  continuous  l>elow 
the  Upper  Greensand  into  and  beyond  the  valley  of  the  Stour, 
Moreover,  two  miles  south  of  Shaftesbury  and  a  little  east  of  the 
hamlet  of  Twyford  a  tract  of  sand  emerges  from  beneath  the  Gault 
and  forms  a  terrace  which  for  a  little  distance  has  an  escarpment  of 

'  The  Lower  Cretaceous  Senea  \ii  1^%N«\ft  qINs  w^wa^^  A.  J.  Jukee- Browne 
and  TT.  B.  Andrews,  Gbol.  ^A<i.  lot  3\vVj,\^'iV,\.*l'^*i.. 
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its  own.  Near  Bedchester  this  terrace,  or  dip-8lope,  is  nearly  half 
a  mile  wide ;  thenoe  it  oan  be  traced  southward  to  Farrington,  where 
it  bends  westward,  still  making  a  prominent  feature,  and  passing 
above  Fontmell  Parra  it  runs  into  a  hollow  by  Child  Okeford  on  the 
eastern  side  of  the  Stour  valley. 

The  length  of  this  tract  is  between  four  and  five  miles,  bat  only 
two  good  exposures  have  yet  been  found  along  it  These  are,  how- 
ever, sufficient  to  give  some  interesting  details  of  the  beds  which 
constitute  it.  One  of  them  is  a  road-cutting  by  Piper's  Mill,  between 
Bedchester  and  Fontmell  Magna,  and  to  expose  this  more  dearly 
two  narrow  trenches  were  cut  down  the  bank.  By  this  means  the 
following  beds  were  observed : — 

Feet. 
Brown  loamj  soil 1  to  2 

Mottled  brown  and  grey  clay  containing  in  the  lower  part 
pebbles  of  vein  quartz  and  lydianito  as  large  as  beans 

(?  base  of  Ganlt) ...    2 

Greenish-brown  saud  with  clay  mottlings       2 

Soft  purple  brown  clay  (1  foot)  passing  into  dark  green 
sandy  clay,  with  laminse  of  purple  cby  and  patches  of 

freenish-Drown  sand,   and  nnally  into  mottled  sand, 
rown,  yellow,  and  green      5 

Purple  black  laminatea  clay  and  sand ...     1 

Greenish-black  clay  full  of  glauconite  grains 

Hard  brown  sandstone  cemented  with  oxide  of  iron 

Rather  coarse  yellowish-brown  sand 

Fine  soft  greenish-grey  sand,  seen  for     2 

about    18 

The  other  exposure  in  a  sand-pit  east  of  Bedchester  seems  to 
begin  where  this  leaves  off.  It  shows  remnants  of  the  ferruginous 
sandstone  underlain  by  greenish-brown  sand  with  two  layers  of 
coarse  yellowish  sand  and  then  6  feet  of  fine  greenish  brown 
sand,  below  which  is  some  5  or  6  feet  of  dark-green  glauconitio 
sand.  This  last  is  well  exposed  along  the  gully  of  the  watercourse 
that  runs  by  this  spot  toward  Piper's  Mill. 

From  these  particulars  it  appears  that  the  total  thickness  of  the 
sands  near  Bedchester  is  at  least  SO  feet,  and  probably  between 
30  and  40  feet  There  are  some  thin  layers  of  coarse  quartz  sand 
in  the  upper  part,  but  the  greater  part  is  fine  sand  consisting  of  • 
small  even-sized  grains  of  quartz  (not  much  rounded),  and  grains 
of  dark-green  glauconite,  many  of  which  are  smaller  than  the 
quartz-grains. 

The  occurrence  of  the  dark  glauconitio  mud  or  clay  is  particularly 
interesting,  both  as  showing  that  we  are  not  here  dealing  with. a 
littoral  or  very  shallow  water  deposit,  and  also  because  a  similar 
bed,  consisting  of  black  clay  in  the  upper  part  and  dark  greensaud 
below,  was  found  in  the  Vectian  of  the  Vale  of  Wardour.  The  bed 
at  Piper's  Mill  appears  to  consist  of  an  intimate  mixture  of  dark 
purple-grey  clay  and  very  fine  glauconitio  sand,  chiefiy  glauconite, 
with  some  minute  grains  of  quartz  and  mica. 

It  may  be  mentioned  that  a  boring  made  at  Foxvtoi^  Y>rww^x^ 
a  few  years  ago  has  been  carried  ihrougVi  \Jaft  QtWciNX*  \siXa  ^kq.^ 
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rimilar  to  that  aboye  deaoribed,  and  a  good  aupply  of  water  watf 
obtained  which  riaea  above  the  aarfaoe  of  the  ground. 

It  ia  also  worthy  of  note  that  thia  emergent  tract  of  Yeetian  aand 
ia  the  moat  westerly  expoaore  yet  known,  with  the  ezoeption  of 
that  near  Lnlworth  Cove,  whibh,  howoTery  ia  of  much  amaUer  anb 
compared  with  the  tract  above  mentioned.  It  happena  too  that  thia 
tract,  and  that  near  Lalworth,  are  abnoat  exactly  on  the  aame  lino 
of  longitnde. 

Conaidering  ita  poaition,  the  amount  of  glanoonite  preaenti  the 
fineneaa  of  the  aand,  and  the  ezistenoe  of  interatratified  day  aie 
remarkable  &ct8,  auggeeting  that  the  depoait  waa  formed  at  aome 
diatanoe  from  a  ahore-line.  Compariaon  with  the  expoanrea  near 
Devizes  and  Seend  certainly  snggesta  that  the  latter  were  formed  in 
much  shallower  water  and  mudi  nearer  a  ooaat-line. 


YI. — Ok  a  Spxomsv  or  WdLDHEiMiA  prbfobata  (Pikttb),  BHownro 

Obiqinai.  CoLoim-iiABxnroa. 

By  Edward  Wilson,  F.O.S., 
Curator  of  the  Bristol  MuMum. 

THE  retention  of  the  original  oolour-markings  amongf^t  fossil 
Brachiopoda  is  a  somewhat  rare  occurrence :  the  following 
striking  instance  therefore  seems  worthy  of  record. 

It  is  true  that  Deslongchamps  in  the  Paleontologie  Fran^aise 
mentions  the  colours  of  a  number  of  Jurassic  Bracbiopods,  but  in 
nearly  all  these  cases  the  colours  are  spoken  of  as  if  uniformly  dis- 
tributed and  not  patterned  over  the  shells/  and  therefore  we  cannot 
be  sure  that  they  are  original  and  not  subsequently  produced. 

Of  British  fossil  Bracbiopods  which  show  the  colour-markings, 
Terehratula  haatata  and  Discina  nitida  respectively  from  the  Carboni- 
ferous Limestone  of  Longnor,  Derbyshire  and  Hamilton,  Scotland, 
Terehratula  intermedia  from  the  Gorubi-ash  of  Wollaston,  and  r<erc- 
hratula  biplicata  from  the  Upper  Greensand  of  Cambridgeshire,  are 
examples.'  In  these  cases  the  colour- marks  are  generally  in  the 
form  of  radial,  i.e.  vertical  bands  or  striae. 

The  specimen  to  which  I  now  call  attention  is  one  belonging  to 
the  species  Waldheimia  perforata,  Piette,  and  comes  from  the  Lower 
Lias  of  Bitten,  Gloucestershire. 

The  colour  indications  on  this  shell  are  in  the  form  of  clearly 
defined  concentric  bands  of  black  and  white  of  varying  breadth, 
conforming  approximately  but  not  rigidly  with  the  lines  of  growth. 
I'he  bands  of  colour  are  bilaterally  symmetrical,  and,  what  ia  still 
more  important  as  indicating  that  they  are  original,  correapond  in 
the  two  valves,  except  that  as  we  should  expect  they  are  broader  in 
the  larger  and  more  rapidly  growing  ventral  valve,  and  show  a 
tendency  in  that  valve  to  split  up  into  smaller  rings.  Commendag 
at  the  beaks  we  have  in  each  valve  a  white  circular  area  croaaed  by 

^  The  oolonr  of  Waldheimia  perforata  for  example  is  given  by  this  author  ii 
••hrun  foiic6  violac^.'* 
*  Vide  T.  DavidKm,  Palaenot  Soc.,  British  Fosul  Brachiopoda,  toU.  L  iL  aadir. 
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thTee  nearl;  equidiBtant  and  nturow  blaok  riogs,  then  a  broad  bl 
band  which  in  the  ventral  valve  is  impaifeotly  divideii  into  tl 
black  riof^  by  two  narrow  white  itreaks ;  then  a  broad  white  lui 
area  Bbading  off  into  block  towards  the  homa,  and  finally  a  bi 
black  band  whioh,  with  the  exception  of  a  alight  white  mottlinfi 
the  ventral  valve,  extends  without  inteirnption  to  the  frontal  mar 
What  the  aotuol  coloura  were  in  the  living  shell  it  is  impoasibli 
any,  but  from  the  markings,  still  retained,  in  this  aolitary  speoin 
Waldheimia  perforata  appears  to  have  been  a  decidedly  bonds' 
organism. 


WaldMmia  ptrforola,  PiMte,  shoving  origin^  coloar-nuirkiogi. 
a,  koiA  new ;  b,  bscli  new.  Both  n«(ural  aiie. 
The  above  specimen  is  a  full-grown  and  typical  example  of 
species,  23  ram.  long,  20  mm.  broad,  and  13  mm.  in  its  grea 
antero- posterior  diameter.  It  was  found  by  my  friend  Mr.  J. 
D.  Manihall,  of  Bristol,  in  whose  exoellent  collection  of  Bri 
Jurassic  Brachiopoda  it  now  is,  at  the  riverside  quarry.  Stout's  I 
Bitton,  where  the  species  is  by  no  means  rare.  Tbe  specimen 
not  actually  found  in  tili,  but  the  beds  from  which  it  was  andoubtt 
derived  are  usually  referred  to  the  zone  of  Ammaniiet  Buckla 
From  the  prevalence,  however,  of  the  typical  ammonite  and 
general  charaoter  of  the  associated  organisms  here  as  well  ai 
other  plaoes  in  the  Bristol  district,  I  am  inolined  to  think  that 
fossil  comes  from  the  zone  of  Ammonitet  angvlatw. 


Vil. — NoTBs  OH  THi  Altbbbd  Cohibton  Flags  at  Shap. 
Bj  W.  Maikihd  Ho-rcHtnos,  £aq. 

THE  alteration  undergone  by  the  Coaiston  Flags,  owing  to 
intrusion  of  the  Shap  granite,  has  been  well  and  fully  desor 
by  Messre.  Barker  and  Marr  in  their  most  able  and  interes 
paper,  read  before  the  Glsolc^ical  Society  in  the  spring  of  this  y 
"  The  Shap  Granite  and  the  Associated  Igneous  and  Metamorj 
Bocks"  (Q-J-G-S.  vol.  xlvii.  1891). 

I  have  worked  a  great  deal,  microscopically,  on  the  rocks  of 
district,  both  before  and  since  the  publication  of  the  resultt 
Barker  and  Marr,  and  this  work  has  enabled  me  in  a  spt 
manner  to  appreciate  the  quality  and  value  of  their  investigat 
in  this  complicated  and  interestiog  region.  I  was  so  fortunate, 
summers  ago  as  to  spend  some  time  at  Shap  with  Mr.  Marr, 
most  kindly  assisted  me  to  understand  some  of  the  probl 
involved,  and  pointed  out  to  me  the  piaoaa  vV^ie  «,^«i^\ai«>^ 
special  interest  oouid  be  oolleoted. 
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reasons  I  have  taken  much  I'nterert  in  Hw  aherrf  ftigi 
eck-,  and   have  this  summer  paid    another  vifit  «nd 
[e  number  of  freah  epecimena,  from  which  I  have  had 
■ed. 

orth  while  to  note  one  or  two  of  the  resulu  of  the 
and  former  sections,  though  alt  the  main  points  u 
rocks    have   been   so  completely  dealt  with    in  the 
iA  paper. 

r  and  Marr,  nor  hy  myself,  viz.  horubleode  and  gameL 
:urs  in  large  quantity  in  two  of  my  secliona  several 
above  the  falla  near  the  hotel,  but  before  the  develop- 
of  the  "spoU"  in  the  altered  flags.      It  ia  a  very 
iety;   bo  pale  that  in  very  thin  aections    its  colour 
are  barely  peroeptiblo.     I  suppose  that,  though  not 
B,  it  may  be  reckoned  as  tremolite,  to  which  varie^ 
e   of  contact-slntes,  etc,   is   usually   referred,     "Hie 
lea  are  mostly  16=  to  18°,  but  sometimes  higher.    It 
d-eized   irregular   grains,   long   prismatic    bits   with 
ind  Bmall  fragments  diaseminated  through  the  rock, 
'  brown  mica  present  is  very  much  diminished  in  the 
contain  hornblende. 

IS  are  not  Huffii:iently  frequent  to  determine  the  points 
and  disappearance  of  the  hornblende  along  the  course 
:  but  at  one  point  a  section  very  full  of  it  was  taken 
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the  comparatively  clear  "  spots  "  which  are  so  prominent  a  r 
the  alteration  of  these  rocks.  In  this  I  have  not  heen  8U( 
All  the  spots,  however,  are  not  of  the  same  nature.  In  son 
they  appear  to  consist  almost  wholly  of  white  mica.  In  othe: 
much  observation  and  comparison  with  other  contact-speci 
am  of  opinion  that,  as  suggested  by  Harker  and  Marr,  andal 
the  mineral  being  formed.  But  that  mineral,  in  definite  recog 
form,  does  not  occur  in  any  of  my  sections.  In  other  slides 
the  material  of  the  spots  is  quite  different  from  either  of  i 
ceding  and  quite  beyond  any  attempt  at  identification. 

Messrs.  Harker  and  Marr  are  of  opinion  that  probably  a  gc 
of  felspar  is  formed  in  these  altered  flags^  together  with  the 
of  regenerated  quartz.     There  are  few  questions  of  greater 
than  that   of  the  formation  of  new  felspar  in  sedimentary 
whether  by  contact  or  by  regional  metamorphism,  and  any  i 
brought  forward  is  important.   Such  instances  are  not  very  nu 
and  some  of  them  do  not  appear  to  be  by  any  means  fully  ac 
In  the  case  of  these  rocks  in  Wasdale  Beck  I  have  made  ever 
to  obtain  proof  of  the  occurrence  of  felspar,  but  without  any  i 
All  the  grains  of  the  mosaic  are  perfectly  limpid.     Many 
felspar  by  their  outlines,  as  stated  by  Harker  and  Marr,  and 
decidedly  an  impression  produced  that  the  mineral  is  there, 
scores   of  tests  in  convergent  light,   made  on   promising- 
grains,  not  a  single  one  has  given  proof  of  a  biaxial  mineral 
would  in  this  case  be  sufficient  confirmation.      The  secti< 
studying  this  class  of  rock  are  necessarily  very  thin ;    bi 
equally  thin  slices  of  some  of  the  neighbouring  altered  y 
rocks  with  quartz-felspar  mosaic,  it  is  quite  easy  to  pick 
identify  the  felspar  grains.     Although  it  is  by  no  means  u 
that  felspar  is  present,  I  prefer  to  consider  it  as  not  proved 
as  any  of  my  own  specimens  are  concerned. 

Although  on  a  minuter  scale,  great  interest  attaches  to  the  ( 
which  are  undergone,  during  the  alteration  of  rocks  in  thi 
by  the  minerals  consisting  wholly  or  largely  of  titanic  aci( 
these  flags  of  Wasdale  Beck  are  specially  suited  for  observinj 
changes,  as  we  may  here  see  several  of  them  together  which  ha^ 
noticed  elsewhere  singly  by  different  observers  at  different  pL 

At  the  falls  near  the  hotel,  where  alteration  is  alreisu] 
advanced  as  regards  formation  of  brown  mica  and  is  distinct! 
mencing  as  regards  regeneration  of  quartz,  we  still  see  the  c 
''  clay-slate  needles  "  in  considerable  numbers.  They  are  < 
small  size.  The  only  change  seems  to  be  that  they  are  not  as  • 
diffused  as  in  the  origined  rocks,  having  apparently  commei 
disappear  at  some  parts  of  each  slide  examined.  A  few  yards 
up,  with  much  increased  development  of  brown  mica  and  regei 
quartz,  these  minute  rutiles  have  disappeared ;  and  in  due 
as  the  new  limpid  mosaic  is  developed,  we  note  the  appean 
rounded  and  ovoid  grains  of  rutile  and  of  crystals  of  thoi^t  \s 
which  are  much  larger  and  relatively  th\ck.QX  «xxd  VkVaxAst  > 
original  needles.    These  things,  together  wVtici  oXliEvst  VdA^Xi 
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microlithic  bodies,  appear  in  llie  grains  of  rejrenerate4 

mat   \n   diBtinguiehiDg   it  from   the   still    remaiaiog 

its. 

stage  Btill  larger  rutile  crystals  are  seen  in  gronpi 

g  clusWrs,    niuBtering    strongly   at   some    parla  and 

from  others. 

the  sections  where  "  spots  "  are  strongly  developed, 
iiliful  Utile  crystals  of  anataee  are  seea,  as  recorded 

Marr.' 

when  they  introduced  the  note  on  this  mineral  into 
lad  been  only  seen  by  nje  in  one  section.     I  now  have 
ifferent  points  along  the  heck,  in  which  it  ia  plentifully 
ot  only  as  clusters  in  the  spots,  hut  aJao  scattered 

rs  to  be  a  rare  case,  as  Mr.   Harker  tells  me  that 
<j  once  previously  recorded  (by  Lossen)  as  a  conlact- 
3  a  very  interesting  fact  that  titanic  acid   as  origiusl 
a    reabsorbed   in  some  manner,  and  then  reappear^ 

same  rock,  either  as  ruliie  or  as  anatase,  and  that  ths 
thickly  in  special  spnls. 
;n  in  which  the  titanic  acid  reappears  is  in  combination 

mlica  as  epheiie,  granules  of  which  are  abundant  ia 
:!tiot)B,  though  none  is  seen  till  alter  the  diBappeai-auoe 

rutile-needies. 
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the  nature  of  the  original  material  and  of  the  alteration  heing  some- 
what like  what  we  have  in  Wasdale  Beck;  and  in  these  altered 
fragments  several  crystals  of  anatase  ocoiir,  similar  in  all  respects 
to- those  described.  They  are  not  clustered  together,  but  scattered 
about ; — the  alteration  of  the  rocks  has  not  proceeded  so  far  as  the 
development  of  any  spots. 


I. — British  Association  fob  the  Adyanoemsnt  of  Sodbnos. 
Casdiff  Mxbtino,  August  20th  to  25th,  1891. 

List  of  Titlbs  of  Papers  Read  in  Sbgtion  C,  Gboloot. 

Profeflsor  T.  Rupbbt  Jonbs,  F.R.S.,  F.G.S.,  President. 

The  President's  Address. 

Sir  A,  Oeikie. — Discovery  of  the  01enellus*zone  in  the  North-west 
Highlands. 

Sir  A.  Oeikie. — On  some  Recent  Work  of  the  Geological  Survey  on 
the  Archaean  Gneiss  of  the  North-west  Highlands. 

A.  Smith  Woodward, — Report  of  the  Committee  on  the  Registration 
of  Type  Specimens. 

A.  Smith  Woodward. — Remarks  on  the  Lower  Tertiary  Fish  Fauna 
of  Sardinia  (see  infra,  p.  465). 

if.  Smith  Woodward. — Evidence  of  the  Occurrence  of  Pterosaurian 
and  Plesiosaurian  Reptiles  in  the  Cretaceous  of  Brazil. 

A.  J.  Jukes- Browne. — ^The  Cause  of  Monoclinal  Flexure. 

A.  J.  JukeS' Browne. — Note  on  an  nndescrihed  area  of  Lower  Green- 
sand  or  Vectian  in  Dorset  (see  supra,  p.  456). 

if.  G.  0.  Cameron. — On  the  Continuity  of  the  Eellaways  Beds  over 
extended  areas  near  Bedford,  and  on  the  extension  of  the  Fuller's 
Earth  Works  at  Wobum,  Bedfordshire. 

Prof,  W.  Boyd  Dawkins. — On  the  Discovery  of  the  South-Eastem 
Coalfield. 

W.  TopJey. — The  Geology  of  Petroleum  and  Natural  Gus, 

O.  C.  Dalhousie  Ross. — ^I'he  Origin  of  Petroleum. 

Dr.  H.  Hicks. — A  Comparison  between  the  Rocks  of  South  Pembroke- 
shire and  those  of  North  Devon. 

W.  A.  E.  Ussher. — Vulcanicity  in  the  Lower  Devonian  Rocks.  The 
Prawle  Problem. 

A  B.  Hunt. — On  the  Occurrence  of  Detrital  Tourmaline  in  a  Quartz- 
Schist  west  of  Start  Point,  South  Devon  (see  infra,  p.  465). 

C.  E.  Be  Ranee. — Report  of  the  Committee  on  the  Circulation  of 
Underground  Waters. 

C.  E.  De  Ranee. — Notes  on  the  Discovery  of  Estheria  minuia  (var. 
Brodieana)  in  the  New  Red  Sandstone. 

O.  W.  Jeffs. — Report  of  the  Committee  on  GeoVo^caX^V'^Va^gcK^^* 

Montagu  Browne. — On  Oohbodus,  a  Genna  oi  'NL^«c>iJc\a'^o«8s\^>s^^'^^ 

IZ  Vavitan, — Bsport  of  the  Committee  oii^jaxV)ki.^t«iSLi^x%. 


Notices  of  Memoirs — Brilith  Association. 

nelon-Lavit. — Report  of  the  Committee  on  the  Volcanic 
I  of  VeauTi.18. 

L—Tbe  cauBe  of  an  Ice  Age. 

OMiey.— Keport  of  the  Committee  on  Errntio  BlocJcR. 
oMfcey.— Notes  on  the  Glacial  Geology  of  Norwav- 
'dtrick    Wright.— Yieoeat    Discoveiies    bearing   o"n    tlie 
the  Glacial  Period  in  North  America  to  the  Antiqoit; 

—On  the  Eviilencee  of  Glacial  Action  in  Pembroke- 
he  Direction  of  Ice-flow. 
)n  some  Boulders  at  Darlsy  Dale. 
.—On  a  Glacial  Section  nt  Levenahulme,  Manchester. 
lerick  TFnVAi.— Recent  Disooveriea  in  the  Pleistocene 
of  California  and  Idaho. 
-Report  of  the  Committee  on  Excavationa  at  Oldbory 

tteich. — Preliminary  Note  on  EscaTationB  at  Oldbory 

—Report  of  the  Committee  on   Elbolton  Cave,  new 

n  the  Occnrrenoe  of  Pachylheea  apharica.  Hooker,  anil 
us,  n.ep.,  in  the  Weulock  Beds  at  Ty  Mawr  Quarrj, 

on.— Report  of  the  Committee  on  the  Lias  of  Nortb- 
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n. — Rkmares  on  the  Miocene  Fish-Fauna  of  Sabdinia.    By  A. 

Smith  Woodward,  F.G.S.* 

THE  author  referred  to  a  series  of  fragmentary  fish-remains  from 
the  Miocene  in  the  neighbourhood  of  Cagliari,  Sardinia,  collected 
and  submitted  for  examination  by  Prof.  D.  Lovisato.  A  memoir 
on  the  subject  by  Prof.  F.  Bassani  (see  infra,  p.  476)  had  lately 
appeared,  and  the  present  communication  contained  only  brief  sup- 
plementary observations.  In  addition  to  the  Selachian  genera  and 
species  recognized  by  Bassani,  the  author  identified  teeth  of  Scymnus, 
Oxyrhina  Desori,  Oaleus,  Aprionodon,  and  probably  FJiysodon,  besides 
dermal  scutes  of  Trygon,  The  collection  comprises  no  evidence  of 
ganoid  fishes,  and  most  of  the  remains  of  teleosteans  are  too  imperfect 
even  for  generic  determination.  Traces  of  Soomberoids  and  Labroids 
occur,  and  there  is  evidence  of  a  new  species  of  the  Berycoid 
Solocentrum.  Teeth  of  Chrysophrys,  Sargtu,  and  other  common 
Mediterranean  genera  are  abundant;  and  a  few  detached  yellow 
teeth  represent  an  indeterminable  species  of  Balistea. 


III. — On  the  Discovery  of  a  New  Species  of  Fossil  Fish 
{Stbbpsodus  Brockbanki)  in  the  Upper  Coal  Measures 
Limestone  of  Levenshulme,  No.  6  Group,  from  the  Railway 
Cutting  at  Levenshulme,  near  Manchester.  By  James  W. 
Davis,  F.G.S.  Mem.  and  Proc.  Manchester  Lit  and  Phil.  Soa 
[4],  Vol.  IV.  1891  (reprint  paged  1-3). 

VERY  fragmentary  remains  of  Strepsodus  in  the  collection  of 
Mr.  W.  Brockbank,  F.G.S.,  form  the  subject  of  this  note. 
•*The  teeth  differ  from  those  of  Strepsodus  sauroidesy  Young,  in  the 
greater  breadth  in  proportion  to  the  length ;  the  surface  striation  is 
similar  in  the  two,  with  the  exceptions  that  in  S.  Brockbanki  the 
striae  are  larger,  and  there  is  no  evidence  of  bifurcation,  and  whereas 
in  S.  sauroides  the  base  of  the  crown  is  ovoid  and  laterally  com- 
pressed, and  the  apex  twice  bent  nearly  at  right  angles,  in  this 
species  the  base  of  the  crown  is  circular,  and  the  point  b  not  twisted 
to  the  same  extent." 


rV. — On  the  Oocurrbnoe  of  Detrital  Tourmaline  in  a  Quartz 
Schist  west  of  Start  Point,  South  Devon.  By  A.  R.  Hunt, 
M.A.,  F.G.S.* 

WHILE  examining  the  Devonian  cliffs  near  Street  Gate  at  the 
north-east  end  of  Slapton  Sands,  South  Devon,  in  company 
with  Mr.  W.  A.  E.  Ussher,  F.G.S. ,  the  author  selected  a  hard  mica- 
ceous sandstone  of  fine  grain,  occurring  as  a  baud  between  softer 
rocks,  for  comparison  with  a  micaceous  quartzite  or  quartz-schist, 
previously  noticed  by  Mr.  Ussher  at  a  point  on  the  coast  south  of 
Start  Farm  and  west  of  Start  Lighthouse.  The  quartz-schist  occurs 
as  an  impersistent  band  among  the  mica-schists  west  of  SUxi  ?<^\\l\.« 

1  Abstract  of  paper  read  before  Section  C  (Greology"),  Btil,  Kbbi^.)  ^«x^^,  \^^\. 
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fs  of  Memoin—A.  R.  HuntStnri  Point. 

\  pregeiiiw  of  tourmaline  and  white  mica,  of  detriul 
nsiilered  that  the  rock  had  the  appearance  of  b&vii^ 
-om  a  tourmaline-hearing  granite, 
1  examination  of  two  slides  of  the  quartz -schist,'  tbs 
1  a  single  grain  of  tourmaline.     Six  additional  slides 
I  prepared,  and  detritat  tourmaline  was  found  in  them 
beae  slides  oontains  a  pellucid  grain  of  quartz  with 
I  and  active  bubbles;  another  contains  agrain  crowded 

id  by   the  heat  of  a  wax  match.     Both  these  grmns 
matched  in  the  quartzes  of  different  granites, 
ion  of  the  quarlz-Buhist  from  granites  of  more  thsii 
but  one  of  which  must  have  been  schorlaceoua,  seemi 
fd. 

roots  have  two  distinct  bearings,  viz.  aa  to  the  ago  of 
lie  scliists  of  South  Devon,  and  as  to  the   derivation 

;ks  under  consideration,  viz.  the  quortz-Bcliist  and  the 
Istone,  sre  related  to  each  other  in  four  particulars, 

line,  detrital  mica,  quartz  of  fine  grain,  and  iron, 
fficult  to  avoid  (be  conolusiou  that  such  similar  rock* 

»evonian,  the  quartss-Bchist,  one  of  the  metamorphia 
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I. — The  Lake-Dwellings  of  Europe,  being  the  Bhind  Leotubes 
IN  Abohaologt  for  188S.  By  Robert  Munro,  M.A.,  M.D. 
Bojal  8vo.  pp.  zl.  and  600,  with  199  oomposite  Illustrations, 
containing  2172  separate  Figures,  and  14  Maps  and  Plans, 
(London  :   Cassell  &  Compcuij.)- 

THE  study  of  Prehistorio  Man,  or  the  attempt  to  discover 
evidences  of  the  early  races  who  first  occupied  Europe  in 
Prehistoric  times,  and  to  interpret  these  relics  by  a  knowledge  of 
the  habits  and  customs  of  existing  aboriginal  races,  may  certainly 
be  said  to  have  been  initiated  near  the  end  of  the  first  half  of  the 
present  century.  But  the  most  iniportant  discoveries  were  actually 
made  within  the  second  half;  discoveries  so  vast  in  importance 
in  connexion  with  the  history  of  the  human  race  as  to  excite  the 
attention  of  the  whole  scientific  world  and  to  result  in  the  develop-* 
ment  of  a  literature  devoted  entirely  to  Prehistoric  Archsdology. 

In  Denmark,  England,  Belgium,  France,  Switzerland  and  else- 
where, the  stream  of  new  light  seemed  never  ending.  Yet  many  of 
these  novelties  had  really  been  discovered  long,  long,  before,  but 
no  one  seemed  disposed  to  notice  them,  nor  was  any  curiosity 
expressed  when  their  discovery  was  announced.  Then  why  this 
sudden  enthusiasm  ?  Simply  because  the  public  mind  had  become 
educated  and  was  beginning  to  take  an  interest  in  natural  science, 
and  men  like  Falconer,  Prestwich,  Lyell,  John  Evans,  Lubbock, 
Pitt-Rivers,  Franks,  Boyd-Dawkins  and  Pengelly  in  England ; 
Lartet  and  Christy  in  France ;  Keller  in  Switzerland,  and  very 
many  others,  were  able,  not  only  to  discover,  but  to  correctly 
interpret  and  describe,  what  they  found  or  saw.  It  is  to  the  labours 
and  publications  of  these  men  that  we  owe  the  great  advauce  in 
Anthropological  knowledge  to  which  we  have  attained,  and  to  the 
general  intelligent  interest  taken  by  the  public  at  large  in  the 
history  of  early  man  in  Europe. 

Following  the  sequence  of  these  discoveries,  we  find  primitive 
man  wandering  and  homeless,  save  for  some  cave,  or  rock-shelter ; 
here  as  a  bold  palceolithic  hunter  of  the  Mammoth  and  the  Woolly 
Khinoceros,  or  diHputing  his  right  to  some  cave  with  the  Bear,  the 
Lion,  or  the  Hyssna.  There,  as  the  humble  shore- dweller,  feasting 
upon  the  oyster  or  the  whelk,  the  limpet,  or  the  mussel.  Or, 
again,  engaged  in  making  excellent  harpoons  out  of  Eeindeer-antlers, 
and  manufacturing  needles  out  of  the  leg-bone  of  the  Horse; 
leaving  behind  him  abundant  evidence  of  his  prowess  in  the  chase 
in  the  form  of  well -carved  or  incised  figures  of  these  and  other 
animals,  on  their  antlers  or  pieces  of  their  bones;  unrivalled  as 
a  skilful  worker  in  fiint  and  other  stone,  from  the  rough  to  the 
polished  implement  of  perfect  beanty.  Nor  is  this  all, — for  in  those 
districts  of  Europe  where  rivers  and  lakes  abound,  we  learn  that 
certain  Neolithic  peoples — probably  at  a  somewhat  later  period — 
occupied  their  shores  and  banks  as  mixed  fitth^t^,  Vvx>xAa\%^  ^kA  ^^^tw 
as  early  agrioalturistB — if  their  gardeu-pakiYi^ii  mv]  \^»^^  ^^^^x^^^ 
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nd  being  poeseBsed  of  more  worldly  gear  tlian  the 
)wellers.  and,  though  living  in  oo mm  unities,  were  yet 
A   lees  WBrlika   race;   tliuy  had   invented   a   Byafem  of 
atinna.   raised  above  tiie  level  of  the  water,  hy  meani 
a  into  the  lieil  of  the  river  or  lake,  bearing  a  platform 
timbers  upon  their  tops,  on  which  the  dwellingB  were 
e  laciiBtrioe  habitations  were  sufficiently  far  from  the 
*ct  them   from  enemies,  and  yet  near  enough    (o   be 
r  a  narrow  bridge  which  could  easily  be  removed  or 
ise  of  a  hostile  attack  from  the  land. 
af  these  dwellings  first  attracted  attentioa  at  Ober- 
le  eaKt  Khore  of  Lake  Znriah,  during  the  winter  of 
n,  owing  to  the  extreme  lownesH  of  the  water  of  the 
ds  of  numerous  wooden  piles  were  exposed,  aronnd 
wrtiona  of  Stag's  antlers,  stone   hatchets    and   other 
'hich  excited  bome   curiosity.     Other   finds   followed 
10  suhjeol  being  taken  up  by  Dr.  Ferdinand  Keller, 
the  Anliquarifln  Association  at  Zurich,  to  whom  the 
ibled  for  making  known  one  of  the  most  remarkable 
diacoveriee  of  this  century,— a  discovery  which  in  it« 
resulta  is  unique  for  the  variety  and  wealth  of  niate- 
ch   it  has   illuatrated  that   singular  but  long  unknown 
phase    of   [■rebistoric   civilizntion    in    Eurojie,    whkh 
ome  in   the  hiibit  of  constructing  dwellings  in  lakes, 
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to  the  terramara  deposits  of  Italy,  eto.  In  short  there  is  hardly  any 
comer  of  the  lake-dwelling  area  in  Europe  whioh  has  not  yielded 
new  materials*  throwing  more  or  less  light  on  this  strange  phase  of 
Prehistoric  life." 

The  present  Tolnme,  Dr.  Munro  tells  ns,  originated  with  the 
Society  of  Antiquaries  of  Scotland,  who  offered  him  the  Rhind 
lectureship  in  Archasology  for  1888,  and  suggested  that  the  course 
of  six  lectures  should  he  on  the  "  Lake-dwellings  of  Europe.'* 
lliese  lectures  are  here  printed  in  extenso,  and  are  very  copiously 
illustrated  by  drawings  of  all  the  most  typical  antiquities  discovered, 

Prepared  as  far  as  possible  from  the  actual  objects  by  Dr.  and  Mrs. 
[unro,  who  perambulated  the  whole  of  Central  Europe  with  note- 
and  sketch-books  in  hand  visiting,  as  far  as  practicable,  the  sites  of 
lake-dwellings,  and  searching  museums  and  libraries  wherever  they 
thought  such  relics  or  records  were  to  be  found. 

"  The  eastern  limit,"  we  are  told,  "  of  the  region  thus  visited  may 
be  represented  by  a  line  drawn  from  Eonigsberg  to  Trieste,  passing 
through  the  intermediate  towns  of  Krakow,  Bnda-Pesth,  and  Agram« 
The  materials  brought  together  from  this  area  are,  to  a  very  con- 
siderable extent,  absolutely  new  to  British  archaeologists."  Care 
has  also  been  taken,  as  far  as  possible,  not  to  repeat  illustrations 
given  by  Eeller*s  translator,  except  where  the  objects  are  the  best 
or  the  only  representatives  of  their  kind.  To  show  how  well 
Dr.  Munro  has  carried  out  his  task,  and  how  great  is  the  area  over 
which  he  has  travelled,  we  must  consult  the  work  itself;  indeed,  it 
is  one  which  every  student  of  prehistoric  archseology  must  possess 
in  order  to  be  posted  up  to  date  in  all  the  researches  which  have 
been  carried  on  since  the  date  of  the  last  English  edition  of  Keller's 
work. 

The  first  lecture  gives  an  account  of  the  earliest  discovery  of  Lake- 
dwellings  ;  the  settlements  of  the  shores  of  Lake  Ziirioh ;  those  of 
Western  Switzerland  and  France  (pp.  1-109).  Some  idea  may  be 
formed  of  the  vast  number  of  objects  of  ornament,  weapons,  and 
articles  of  domestic  use,  in  stone,  bronze,  earthenware,  iron,  bone 
or  wood,  delineated  in  this  work,  when  we  find  that  in  the  23  page- 
illustrations  to  the  first  lecture  alone,  there  are  517  separate  figures 
engraved. 

The  second  lecture  (pp.  110-185)  deals  with  the  settlements  in 
Eastern  Switzerland,  the  Dannbian  Valley,  and  Carniola.  Here  is 
given  an  account  of  some  curious  traps  made  of  wood  which  have 
been  found  in  settlements  as  widely  separated  as  Ireland,  North 
(xermany,  Styria,  and  Italy,  which  it  is  suggested  may  have  been 
used  as  Beaver  or  Otter  traps.  As  many  as  52  individual  remains 
of  the  Beaver  were  obtained  at  Laibach  alone,  where  these  supposed 
beaver-traps  were  also  met  with.  Four  hundred  and  fifteen  objects 
are  figured  in  the  text  to  illustrate  this  lecture. 

The  third  lecture  (pp.  186-276)  treats  of  the  Lake-dwellings  and 
pile-structures  in  Italy,  including  the  TeTram«Wk  ^^^i\fc\!Ck^\!k^A  \\3l  ^^ 
Po  y alley,  which  are  iiiustrated  by  527  ^gaxea  Vck  \3ti^  \«^\.« 

The  fourth  lecture  (pp.  277-348)  deacriboA  iii^  toeqjbmm^  ^wvjaSL  ^^• 


tteriems — Dr.  Munro's  Lake-DwfUings. 

I  the  Lake  of  Paladru:   also   the  Lacustrine  and 
;8    in    the    Lower    Rhine    Dietrict    ami    iu   North 
hunitred   and   eigbtj-tive  of  the   aotiquitiea  frum 
btrated  iii  the  leit. 

loture  (pp.  349-494)  treitts  of  the  Lake- dwellings  of 
Lnd  Ireland,  describing  the  Sootob  and  Irish  Crannogs, 
Ihundred  and  seveuty-four  ill uxt rations. 
Ind  last  lecture  (pp.  495-654)  deals  with  the  Lake- 
■rope,  tbeir  Culture  and  Civi  lisation  ;  and  is  itlustrated 
^s;  making  a  total  of  2172  objects  figured,  beaidea 
land  plans. 

Ited  period  of  time  represented  hy  these  pile-dwelliD({« 

1  by  their  wide  geographical  distribution,  and  by  the 

ished  at  a  time  when  the  use  of  metals  nu 

their  inlmbitanls,  as  all  the  tools  and  weapons 

I  the  debris  were  insde  of  such  materials  as  stone, 

s  of  deer,  etc.     The  substitutioa  of  bronze  for  these, 

1   change  iti    the  culture   and   civilization  of  the 

1  change  which  becomes  further  nioUified  by  the 
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''  After  the  collapse  of  the  great  Lake- villages  it  is  not  singalar  to 
find  that  a  knowledge  of  the  system  remained  among  the  surroand- 
ing  nationalities,  whioh  subsequently  germinated  into  activity  in 
Tarious  sporadic  comers,  and  produced  not  only  the  Scottish  and 
Irish  crannogs,  but  the  analogous  remains  in  Friesland,  North 
Germany,  Paladru,  eta  As  the  great  extinct  mammals  are  known 
to  have  lingered  in  the  recesses  of  mountain-ranges  and  other 
secluded  localities,  so  the  artificial  islands  or  crannogs  and  other 
lake-habitations  of  the  Iron  Age  are  but  the  deteriorated  remnants 
of  a  doomed  system  which,  like  every  dying  art  before  final  ex- 
tinction, passed  through  a  stage  of  decay  and  degeneration.'*  Dr. 
Munro's  book  has  afforded  us  no  small  pleasure  and  profit  in  its 
perusal,  and  we  congratulate  both  Dr.  and  Mrs.  Munro  on  the 
excellence  and  abundance  of  the  illustrationSy  which  bespeak  a  real 
love  of  the  graphic  art 

A  descriptive  catalogue  of  all  the  objects  illustrated  in  the  text, 
also  a  copious  index,  and  an  exhaustive  bibliography  of  lake-dwelling 
researches  in  Europe,  give  to  Dr.  Munro's  volume  a  completeness 
which  is,  alas  I  too  often  wanting  in  scientific  works. 

II. — Descriptions  of  some  New  or  Previously  Unbeoorded 
Species  or  Fossils  from  the  Devonian  Rooks  of  Manitoba. 
By  J.  F.  Whitbaves.  From  Trans.  Boy.  See.  Canada,  Section 
IV.  1890.  pp.  93-110,  Plates  IV.  to  X.  (Montreal,  Dawson 
Brothers.) 

WITH  the  exception  of  Stringocephalua  BurtirU,  the  species  de- 
scribed in  the  present  paper  are  new.    They  are  as  follows : — 

Pbuictpoda.  Cbphalopoda — continuetU 

Modiomorpha  attenuata.  Actinoeeras  Hindii. 

Megalodon  subovatus.  Oomphoeerat  Manitobente, 

OrthoHoia  eorrugata.  Cyrtoeerat  occidmtaU. 

Oabtkhopoda.  HomalocerM  (gen.  noy.)  planatum. 

nt       ^                  .    ^  Tetragonoeeras  (een.  noy.)  gracile, 

FUuroKmarxagrnxo^Uma.  GgrZera*  Canadense. 

£u<mphalus  Manttobensti.  ^    ^^        Jilicinetum, 

Cephalopoda.  ,,        tubmammillaium. 
Orthoeerat  (Thoracoeeras)  Tgrrellii. 

In  the  Beport  of  Progress  of  the  Geological  Survey  of  Canada  for 
1874r-75  (p.  68),  "aBrachiopod  resembling  Stringocephalua'*  was 
recorded  from  **  the  western  shore  of  Dawson  Bay,*'  Lake  Winne- 
{>ego8i8,  *'from  slabs  apparently  derived  from  the  neighbouring  cliffs." 

Collections  made  duriug  1888  and  1889  by  the  author  and  Messrs. 
Tyrrell  and  Dowling  in  the  neighbourhood  of  Lakes  Manitoba  and 
Winnepegosis,  included  a  remarkably  fiioe  series  of  specimens  which 
the  author  considers  to  be  specifically  identical  with  the  StringO' 
cephalus  Burtini  of  British  and  European  areas.  "They  present 
nearly  all  the  variations  in  external  form  which  that  protean  species 
assumes,"  and  some  exhibit  the  internal  characters.  *'The  only 
appreciable  characters  in  which  the  Manitoba  8^^u&a\i%  %^«^  \-^ 
differ  from  BritiBh  or  European  onea  ar^  tScL^X,  Va  >i)aft  tet\si«t  ^ii«^ 
Joop  in  the  dorsal  valve  iB  muoh  broadec  ]pTO^t\MyB»^*^'^>^2Si^'*wsiA 


sirs—/.  F.  WlUteatts'  Fosmh  of  Manitoha. 

easions.  which,  however,  are  verj  indiBtiiictly  defined, 
loiiKer." 

1   the  exception  perbnjjs  of  Gomphocerai  Mauitobaue, 

in  Europe,  occupies  a  definite  horizon  in  the  Middle 

ised  upon  very  meagre  material,  the  species  referred 
'dodiomorpha  can,  it  is  believed,  "be  recognized  at  4 
uniisuiilly  large  size  and  narrowly  attenuated  form, 
by  no  means  oertJtin  that  it  ia  correctly  referred  to 
Since  the  hinge  ia  not  well  preserved  in  any  of  the 
e-cted,  the  species  asRigned  to  the  genus  Megaloda% 
f  referred  to  ibat  genuH  on  account  of  its  '■  strong 
1  ext«rnal  etrucUire  to  the  M.  trunealua  and  M.  rhom- 
dfuae  from  the  Devonian  rocks  of  the  Eifel." 
new  GnBteropode  which  are  described,  viz.  PUurofo- 

ihe  moat  abundant  and  characteristic  fossils  of  the 

?rcula,  one  specimen  has  been  found  in  which  "the 
ten  as  lo  show  its  opercuhim  in  «(«.  ihoiigli   a  little 
its  normal  position. " 
le  tpecies  of  Orlhoeemi,  is   ilescrilied  uniler   the   name 
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onter  border  being  very  narrow,  truncated  and  depressed  in  the 
centre.  Sutural  line  consisting  of  two  very  narrow  saddles  with 
an  equally  narrow  sinus  between  them  on  the  venter,  a  broadly 
ooncave  sinus  or  lobe  on  each  of  the  sides,  and  a  rather  narrow 
saddle  on  the  dorsum ;  siphunde  in  the  only  species  known,  cylin- 
drical, ezogastric,  and  placed  near  the  venter  or  outer  and  convex 
margin.  Body-chamber  long,  occupying  about  one-third  of  the 
entire  length." 

The  author  is  doubtful  as  to  which  of  Prof.  Hyatt's  families  the 
genus  should  be  referred,  but  he  is  "inclined  to  regard  it  as  an 
extremely  aberrant  member  of  the  Hercoceratidse." 

The  other  new  genus — Tetragonoeeras — is  proposed  for  a  loosely 
coiled  shell  with  a  quadrangular  transverse  section.  '^Cyrthoeeraiites  ** 
ietragonus,  d'Archiac  and  de  Yemeuil,  from  the  Middle  Devonian  of 
the  Eifel,  also  has  a  quadrangular  transverse  section,  but  according 
to  Prof.  Hyatt's  statement,  this  species,  which  he  places  in  his  genus 
Centroceras,  appears  to  have  been  a  true  close-coiled  Nautiloid. 

Of  the  three  new  species  of  Oyroceras,  O.  Canadense  and  0, 
JUieinctum  are  very  like  the  0.  Eifelense  from  the  Middle  Devonian 
of  the  Eifel,  while  Q.  suhmammillatum  bears  a  most  striking  resem* 
blance  to  an  internal  cast  of  the  well-known  G.  omatum  from  the 
same  horizon  and  locality.  O.  C.  0. 

• 

m. — Lamdsoaps  Okoloot:  a  Plba  fob  the  Study  of  Geology  by 
Lamdsoapb  Painters.  By  Hugh  Millee,  of  H.  M.  Geological 
Survey.  8vo.  pp.  63.  (Edinburgh  and  London,  William  Black- 
wood and  Sons.) 

THE  pictures  exhibited  in  the  Boyal  Academy  have  at  times  been 
subjected  to  criticism  in  the  pages  of  **  Nature."  The  repre- 
sentation of  clouds,  waves,  the  apparent  size  of  the  Moon,  and  the 
delineation  of  rock-structure,  have  in  turn  undergone  praise  or 
stricture ;  and  it  would  seem  that  the  unhappy  Landscape  Artist  need 
make  acquaintance  with  Astronomy  and  Meteorology,  with  Geology 
and  Physical  Geography,  and  with  Botany  and  Zoology,  if  he  or  she 
wishes  to  escape  the  scientific  critic.  But  the  plea  of  the  Artist  is 
that  he  essays  to  represent  things,  not  necessarily  as  they  are,  but 
as  they  appear  to  him  ;  and  Mr.  Briton  Biviere  (quoted  in  the  work 
before  us)  says,  "  It  is  the  personality  of  the  artist,  the  impress  on 
the  work  of  the  artist's  own  mind  and  intention,  adequately  ex- 
pressed, which  gives  the  art"  Hence,  "  It  is  possible  for  a  picture 
to  be  scientifically  true  and  have  no  art  at  all  in  it ;  and,  on  the 
other  hand,  to  contain  several  scientific  blunders,  and  yet  to  be  a 
great  work  of  art" 

No  one  will  find  fault  with  the  Artist  for  representing  things  as 
they  appear  to  him  ;  but  in  pictures  that  aim  to  be  topographical,  it 
is  desirable  that  the  outlines  of  hill  and  mountain,  of  crag  or  scarp, 
should  bear  some  relation  to  the  anatomy  of  the  earth.  Mr.  Miller 
disclaims  any  desire  to  go  geologizing  through  the  picture  galleries, 
though  he  agrees  with  the  critic  who  says,  "  Is  it  too  much  to  ask 
that  the  artist  shall  not  give  us  slate  where  there  is  only  gneiss^  or 
granite  boulders  where  there  are  none?  " 
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■emarks  that  Geolofty,  like  all  the  teachings  of  Nature, 
lo  be  fraught  with  Poetry,  and  he  urges  thai  it  is 
ppy  aonie  poetic  exprsBsion  of  past  time  as  well  as  of 
in  the  delinearion  of  bolh  inountaina  and  rooks.     He 
position  of  blocks  in  a  torrential  stream,  with  their 
sped  ^ntly  towards  the  cun-ent ;  and  to  the  sliapfs 
if  boulders  oil  a  hill  slope.     Artists,  he  says,  as  a  nils 
.B  as   in   themselves  rather  expressionless  obJMita,  bat 
nuoh  expresBion  may  be  given  to  them  when  attention 
ir  texture,  structure,  and  colour.     He  would  "make 
BpecU  and  colouring  of  rocke  the  ohjeot  of  special 
irgetling  that  it  is  possible  to  find  varying  expression, 
k.  a  different  handwriting,  or  perhaps  hidden  cipiwi, 
Bk  from  day  to  diiy."     In  these  and  other  remarks  he 
show  that   Geology  taken    in   connexion    with  the 
,  of  the  country  may  be  studied  as  an  exercise  for  llis 

ish  the  artist  to  "open  his  mind  to  ideas  of  strange 
1  awful  age  in  connexion  with  rocks  and  mountains." 
jiintains  be  depicted  "not  as  rent  and  torn  by  dis- 

froni  within,  but  as  wasted  and  sculptured  by  the 
idation  '  at  work  without." 

Mr.  Miller  niaintrtiris  that  some  acquaintance  with 
1    be   to   the   LandsCHpo-painter  what  a  knowledge  of 
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IV. — TlRTIABY  F1SHX8. 

1.  Neuk  ITntbrstjghungbn   an  tkrtiarsn  Fisoh-Otolithkn.     By 

Prof.  Dr.  Ernst  Eoksn.     ZeiUohr.  deaUoh.  geoL  Ges.  1891, 
pp.  77-170,  Pis.  I.-X.  Woodcuts  1-27. 

2.  Palaeoiohtutolozki  Prtlozi(CollsotasPalaeoiohthtolooioas). 

Part  II.     By  Dr.  D.  GoROANovid  Erahbbrger.    Bad  Jugoslav. 
Akad.  1891,  pp.  73,  Pis.  VIII. 

8.   CONTRIBUTO    ALLA    PaLEONTOLOOIA    DELLA    SaRDBONA.      ItTIOLITI 

MiocENioi.     By  Prof.  Franoesoo  Bassani.    Atti  B.  Aocad.  ScL 

Napoli.  Ser.  2,  Vol.  IV.  Mem.  No.  8,  1891,  pp.  viii.+60.  Pis.  IL 

4.  Ubber   binbn  MIT  hyperostotisohen  Bildunoen  yersehbnen 

80HADEL   BINES  SUBF0S8ILEN  FaORUS  YON  MELBOURNE.      By  Profl 

Dr.  W.  Dames.     Sitzungsb.  Ges.  naturf.  Freunde  Berlin,  1890, 
pp.  162-167,  Woodcut  1. 

5.    SOIAMB    DI    PbSOI    F088ILI   RICOPRBNTE  UNA   LaSTRA    DI    CaLOARI 

MARNoso.     By  Dr.  Carlo  Pollini.     8vo.  pp.  1-8,  PL  L    (Milan, 
1891.) 

DR.  ERNST  EOKEN,  now  Professor  at  Eonigsberg,  is  con- 
tinuing his  well-known  researches  in  the  determination  of 
fish-otolites ;  and  his  latest  contribution  to  the  subject,  mentioned 
above,  concludes  with  some  general  remarks  of  much  interest.  It 
is  a  surprising  fact  that  a  large  number  of  groups  of  fishes  that 
must  have  existed  from  early  Tertiary  times  are  scarcely,  if  at  all, 
represented  by  tolerably  complete  fossil  skeletons,  or  by  readily 
recognizable  fragments.  If,  however.  Dr.  Eoken*s  determinations 
of  the  fossil  otolites  are  well  founded,  this  circumstance  is  proved  to 
be  merely  another  example  of  the  imperfection  of  the  *'  geological 
reoord  " ;  and  whole  groups  of  which  the  palasontologist  has  hitherto 
known  almost  nothing  are  shown  to  occur  in  compsirative  abundance 
at  certain  horizons  in  several  classical  localities.  Of  the  Gadidas 
much  evidence  of  the  genera  Gadm,  Morrhua,  Merlangu$,  RatUcepB, 
and  MerlucdttB  is  recorded,  especially  from  the  Oligocene  of  Germany. 
Many  otolites  of  Ophidiidas  are  also  discovered  in  the  same  horizoA, 
but  the  genus  Fiercufer  alone  can  be  more  precisely  determined. 
Macruridsd  seem  to  be  recorded  among  fossil  fish-faunas  for  the  first 
time ;  otolites  of  Macrurus  itself  being  recognized  in  the  Pliocene  of 
Tuscany,  and  some  generically  indeterminable  specimens  occurring 
both  in  the  Lower  Oligocene  of  Lattdorf  and  in  the  Senonian  of 
8iegsdorf.  With  reference  to  the  latter.  Dr.  Eoken  remarks  that  he 
does  not  consider  either  of  them  abyssal  forms,  but  more  nearly 
approaching  the  typical  Gadidas.  Of  the  Anacanth  Flat-fishes  even 
otolites  are  scarce  and  very  difficult  to  determine.  Flatessa  and 
Solea  are  recorded  from  the  German  Oligocene,  and  the  former  also 
occurs  in  the  Phosphates  of  Alabama.  The  remarkable  Berycoid 
genera  Hoplostethus  and  Monoeentris  are  believed  to  be  indicated  by 
otolites  from  the  Eocene  of  Copenhagen,  the  Oligocene  of  Germany, 
and  the  Pliocene  of  Tuscany ;  and  undetermined  genera  of  the  same 
family  are  also  recorded  from  the  German  Oligocene.  Sciaenidas  are 
well  represented  in  the  Upper  Oligocene  and  Miocene.  Most  of  the 
PeicidsB  are  as  yet  genericudly  indeterminable,  from  want  of  receat 
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iompftrison ;    and    ihe   Batne    remark    applies  to  fto 
■ridse,  OB  iniptit  be  expected,  are  widely  ilistrihated ; 
lii-aoti  seem  "to  be  represented  in  the  German  MHdU 
the  genern  Trigla,   PerixUdion,  and  Agonut.     These 
,  ftg  Dr.  KolceD   ]X)int8  out,  add  oonsitteralily  to  ihs 

iinHs  in  Europe;  and  tbe  author  ia  fiaally  tempted  to 
B  Ihan  seventeen    pages  t*i  a  trenfise  on  otolites  in 
eir  bearing  on  tbe  clahsifiealion  of  Fishes. 
rger's  new  work  ia  of  a  different  character  from  that 
.  being  baaed  upon  a  series  of  remains  of  ekeletona, 
lulifiilly  figured  in   the  accompanying  plates.     It  ia 
written    in   a  language   thai   few  can   read ;    but   the 
loses  and  prinoipal   headings  are  also  given  in  Latin 
B  accessible  to  all.     There  are  seven  short  chapters 

many  fish-fannus,  chiefly  Tertiary  ;  and   several  new 
terrained.     Tlie  first   chapter  deals  with  Cretaceous 
Lesina,  already  described  under  the  names  of  Chpea 
ihTochi-pen  jane rophthaimn,  Thrittopt  mierodon,  Eemitlo- 
md  n.  gibhns.     The  second  chapter  is  more  extensive 
tlie  marine   fishes  of  the   Aquitanian    Formation   of 

several    now  sjieoies  are  determined   and   named  re- 
'jrnx    taini.    L.   Mojrinovicai,    L.   gagoreniit,    Spnrnodut 
t   nita,    Z'lit    Hoemeti.   and   Z.   robutiua.      A  supposed 
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are  assigned  to  Chrysophrys  ctnctoy  Dentex,  and  Thyreites  liovtsatoi 
(sp.  nov.). 

Finally)  two  smaller  papers  may  be  mentioned  among  reoent 
interesting  oontributions  to  knowledge  of  Tertiary  fishes.  Dr.  Damea 
has  described  the  skull  of  a  sub-fossil  Pagrus  from  the  neighbour- 
bood  of  Melbonme,  Australia,  giving  a  good  figure  and  discussing 
the  remarkable  hyperostoses  by  which  the  cranial  roof  is  character* 
ized.  Dr.  C.  Pollini  publishes  a  photograph  of  a  slab  of  marl, 
probably  from  Aix-en- Provence,  in  the  Genoa  City  Museum,  dis- 
playing a  shoal  of  LebiaB  cephaloteSt  Ag.  A  detailed  description  of 
this  fish  is  given,  and  some  remarks  are  added  as  to  a  possible 
explanation  of  the  occurrence  of  so  large  a  number  of  individuals  in 
so  small  an  area.  Dr.  Pollini  has  omitted  to  observe  that  Dr.  Sauvage 
some  years  ago  (Bull.  Soc.  Geol.  France  [3]  vol.  viii,  p.  445)  pro- 
posed to  place  L.  cephalotes  in  a  new  genus,  Prolebias — a  subject 
that  might  have  been  appropriately  discussed  after  the  detailed 
description.  A.  S.  W. 

y. — The  Lower  Permian  Fishes  of  Fbanoe. 

Etxtdes  des  Giteb  MiNiRAUX  DE  LA  France  :  Bassin  Houiller  et 
Permien  d'Autun  et  d'Epinao.  Fasc.  III.  Poissons  Fossiles* 
By  Dr.  H.  E.  Sauvaoe.  4to.  pp.  31,  PL  V.  (Paris,  Imprimerie 
Nationale,  1890.) 

THOUGH  dated  1890,  this  interesting  work  on  the  Permian  fishes 
of  the  neighbourhood  of  Autun  has  only  just  been  brought  to 
our  notice.  It  is  a  well- illustrated,  detailed  account  of  a  fish-fauna, 
of  which  much  has  long  been  known ;  and  it  forms  an  appropriate 
supplement  to  the  memoirs  of  Prof.  Gaudry,  who  has  devoted 
special  attention  to  the  associated  Amphibian  and  Reptilian  fossils. 

After  a  brief  historical  and  bibliographical  sketch  (in  which  the 
only  omission  we  detect  is  that  of  Egerton's  well-known  memoir  in 
the  sixth  volume  of  the  Geological  Society's  Quarterly  Journal),  Dr. 
Sauvage  proceeds  at  once  to  a  detailed  description  of  the  species. 
The  majority  of  the  forms  are  Palseoniscid  fishes  related  to  the 
Lower  Permian  genera,  FalcBoniscuB  and  Amblypterus ;  three  only 
being  referable  to  the  lower  orders,  namely,  an  undetermined  species 
of  Acanthodes,  a  Pleuracanth  Elasmobranch,  and  a  Dipnoan  fish.  The 
generic  name  Amhlypterus  is  employed  in  almost  as  extended  a  sense 
as  is  adopted  by  Traquair,  and  five  species  are  determined,  including 
two  novelties.  The  so-called  new  genera  J^tia  and  Archceontscua 
(this  name  preoccupied  by  a  well-known  Isopod)  are  based  on 
characters  which  we  venture  to  regard  as  of  very  doubtful  value; 
and  we  are  inclined  (with  Traquair)  to  disbelieve  that  the  fin-rays  in 
any  of  these  fishes  are  invested  with  scales,  as  Agassiz  originally 
maintained,  and  as  is  now  re-asserted  by  Dr.  Sauvage.  Moreover, 
we  cannot  perceive  much  difference  between  the  type-specimen  of 
Mdua  Gaudryi  and  £gerton*s  PalcBoniscua  Beanmoniit  which  Dr. 
Sauvage  appears  to  have  overlooked.  One  small  new  species  is 
assigned  to  PalceantBeus,  and  another  may  possibly  represent  Bhadin* 
iehlhyB.    Finally,  among  the  Palaeonisoidsd  is' placed  the  fish  orif^inaUy 
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'.ru»  Bmmnrdi  b;  Agoseiz,  not  hitberto  described.    It 
it  !ast  to  have  a  grod  figure  and  deBcription  of  the 
h    this   name   refers;  but  we   fail    to    r*coguise  tbe 
iblance  to  Pygoplerut.  and  until  Dr.  Sftuvage  is  able  to 

further  evidence  on  tlie  aubject,  we  aball  continue  to 
'.  Bonnardi  is  founded  on  part  of  the  caudal  region  of 

ElamiiDb  ranch, 
loan  fisli  described  by  Gaudry  aa  Megapleuron  Roehw, 
'uracantb  spine  named  by  tbe  same  author  Pletiraeaatkia 

Sauvage  merely  reproducee  the  original  deecriplioaa 

on,    in    which    the    rhomboidal    Boales   are    correctly, 

'Ion.     This  correction  is  of  importance,  ior  it  enahlea 
"  to  be  recognized  as  a  typical  Sirenoid  Dipnoan, 
w  hope  that  Dr.  Sauvage's  long-promised  memoir  on 
d  fiBbes  of  the  Coal- measii res  of  Commentry  wiU  not 
be  delayeil :  and  we  await  with  interest  the  further 
t  our  knowledge  of  this  intrioate  group  of  fishes. 

A.  S.W. 

1L0CT    OF   TKK    NoRTH-EaBT  OF    CilTBNBBB,   AND    i    DlS- 

1  TO  THK  Age  of  the  Old  Red  Sandstone  of  iui 
Scotland,    liy  Jobn  Williams  Evans,  LL.B.,  B.So., 
p.  4S,  with  Sketch-Map.     (London  :    Green,  McAllan 
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THE  STUDY  OF  MAMMALS. 

Sib, — I  am  indebted  to  the  reviewer  of  this  work  in  your  last 
number  for  pointing  out  that  the  family  Tritylodontida  occurs  twice 
in  the  systematic  table.  Its  second  occurrence  is  not,  however,  as 
he  supposes,  an  inadvertent  repetition,  but  a  **  misprint "  for  Trieono^ 
dontida.  Another  slip  occurs  on  p.  99,  where  in  giving  the  range 
of  Oryx  Persia  stands  instead  of  Syria.  B.  Ltokkksb. 


DYNAMIC  METAMORPHISM  "AGAIN." 

Sni, — Personally  I  am  sorry  to  be  called  upon  to  point  out  briefly 
that  Mr.  Fisher  (Geol.  Mag.  Sept.  1891,  p.  430)  has  made  the 
mistake  of  substituting  exclusion  (or  ''  outness  ")  in  space  for  logical 
exclusion  of  one  term  from  a  series  of  other  terms  used  in  a  train  of 
reasoning,  and  that  this  misconception  seems  to  run  through  the 
whole  of  his  letter  except  the  last  paragraph.  It  is  not  Mr.  Fisher's 
(P-  W)  w,  but  the  ** /a«<  term**  of  the  four  uohieh  I  had  just 
enumerated  (p.  299),  which  is  logically  outside  the  other  three.  To 
say  that  it  is  outside  the  cubic  unit  (not  *' element")  of  the  mass, 
on  which  the  work  is  done,  is  something  to  which  I  am  unable  to 
attach  any  meaning  at  all.  The  energy,  to  which  the  motion  of  the 
train  (in  my  illustration)  is  due,  is  dissipated  (not  annihilated  or 
necessarily  **  converted  *'  into  some  other  form  of  energy)  according 
to  the  ordinary  laws  of  thermodynamics,  having  been  obtained  as 
heat  from  the  potential  energy  of  the  fuel  and  atmospheric  oxygen, 
and  utilized,  while  in  a  condition  of  high  intensity  (the  H,0  being 
the  carrier  of  the  energy),  to  move  the  piston  of  the  engine  with  the 
load  attached.  In  running  down  from  a  state  of  high  intensity 
(in  which  work  can  be  got  out  of  it)  to  a  state  of  low  intensity  (in 
which  it  is  either  absorbed  by  surrounding  bodies,  or  passes  off  by 
radiation  into  the  general  entropy '  of  the  universe),  there  is  no 
destruction*  there  is  only  dissipation,  of  energy;  and  when  it  is 
thus  dissipated,  you  cannot  get  any  more  work  out  of  it.  If  energy 
were  (under  the  conditions  specifiecl)  "stored  up  in  the  train,"  after 
it  had  come  to  a  standstill  (the  idea  which  was  before  my  mind, 
though,  I  fear,  not  explicitly  stated),  the  train  would  be,  after 
translation,  in  a  position  of  advantage  with  respect  to  motion,  as 
compared  with  its  position  before  translation,  which  is  absurd. 
Certainly  during  the  accelerating  stage  of  translation  energy  is 
being  stored  in  the  train,  just  as  you  store  energy  in  the  weight  of 
a  clock  in  winding  it  up ;  but  the  same  amount  of  energy  is  taken 
out  of  the  train  in  bringing  it  to  a  standstill,  just  as  it  is  taken  out 
of  the  clock-weight,  when  it  runs  down.  There  is  therefore  no 
more  energy  stored  in  the  train,  after  it  has  come  to  rest,  than  there 
is  in  the  weight  and  works  of  a  clock  after  it  has  run  down.  So  in 
the  case  of  the  rock-mass  under  consideration,  the  source  of  the 
energy  is  gravitation.  The  work  done  on  the  lock  \^  ov\^  ^  ^»sb.^  ^\ 
i  "Entropy  *'  in  the  sense  in  which  the  word  ^a&  to^  ^Qa«i\k3  ^^>u»sa. 
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■y  of  positina  beGoroiag  kinetic,  withont  taking  aogtit 
:,  with  whiali  graviution  continues  to  act  upon  tha 
s  enrth's  littiotiphere,  to  whoee  descent  towania  tha 
of  gravity  tbe  Uteral  thrust  is  due.     Ttie  clock  has 
>vii,  as  it  appears  to  me.    Work  has  been  done,  and  that 
jiiivalent  of  the  potattial  energj'.     In  (he  infinitesiinsl 
ilecular  change  in  the  iron   (where  bad  material  ii 
[  hud  overlookeii,  and  Mr,  Fislier  recognizes  as  a  case 
lelaniorpbism,"  we  have  indeed  an  excellent  etample 
;oes)  of  metntropy  resulting  from  the  action  of  fortes 
lical.  as   1  have  contended  for  the  last  three  years; 
quite  a  different  thing  from  what  we  understand  hy 
^e,  there  is  no  "  storage  of  chemical  energy,"  which  is 
1  whole  business. 

w  to  Mr.  Barber's  rather  donnish  letter  (p.  431),  in 
lals  in  regarding  the  phrases  "chemical  combination" 
1  change  or  action  "  as  convertible  terms,  I  can  only 

remainder  of  tbe  paragraph  is,  I  think,  answerckl  by 
what  1  have  already  written.     1  certainly  have  main- 
r  since  this  globi'  began  to  cool  down  in  space  through 
its  energy  by  radiation,  that  cooling  has  been  (and  is 
by  a  considerable  exothermic  balance  of   beat,  as 
;eB  in  the  litliosphere  have  upon  the  whole  advanced 
le  to  more  stable  Btafes  of  combination  ;   and  in  doing 
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Ho.  XI.— HOTEKBEB,  : 
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I. — Oh  PLEUBoyAUTiLvs  [Si 
B;  Aktbuk 


r]   ItOVOSO-CAXIWATUS,  B6IIEK,  BP. 
FoOBs,  F.O.S. 


THBODGH  the  kindneM  of  Mr.  A.  G.  Sewnr^,  M.A.,  F.Q.S.,  the 
BritiBh  MuBenm  baa  been  pnt  in  poesaBsion  of  a  fine  Bpeoimen 
of  this  iDtflresting  epeoieB,  oollected  by  him  in  the  MiUntona  Qrit  of 
CatoQ,  Laocaahire.  The  species  is  there  found  aaaooiated  with 
NnuUluM  IPUuTonaulilu*']  armaliu,  J.  de  0.  Sowerby,'  SolenoekeUiu 
[^NauHlua]  latigeptalui,  de  EoDinok,*  Aetinoeera§  [Orthoeerat]  autea- 
talum,  M'Coy,'  etc.  These  I  have  identified  iu  a  small  oollection 
■ubmittad  to  me  by  Mr.  Seward. 


FleiHViiauliliu  nodon-earimilut. — a,  Istenl  riew,  ihowing  the  orouDenlation  of  the 
teat ;  6.  peripheral  Tiev,  ihowing  the  de«p  median  fmrow,  and  the  Mpta  io  the 
lower  half  of  the  figure,  where  the  t«et  is  sbecnl.  a,  drawn  from  the  origioal 
■pecimeD  in  the  Woodwardiao  Miuenm.  Cambridge ;  t,  from  a  specimen 
wewnled  to  the  Britiah  Hnnam  [Nat.  Hirt )  b^  A.  C.  Sewaid,  E*q.,  H.A., 
g.Q.S.  Both  ^iirei  are  about  two-Uthi  the  natural  ns*. 
From  the  Carhoniferoni  Linuilone,  Caton,  I 


>  In  Preatwich,  Geology  of  Coalbrookdale,  Tisdi.  Q«oI.  80c.  ler.  ii.  toI.  t.  pt  iii, 
1.  du  Hni.  Hoy.  d'Hiit. 


ii.).p.  110,  pi.  lui.  figs.  1-3 !  W&. 


— TOL.    TIB. KO.   3 


ler.  J.  F.  Blake— Precnmbrion  Geology. 

luleatttlum  and  Solmacheilw  \atitepiatu»   are  common 

)f   Seotlanil.     I    have   myself  oil eoteil    them    in  tha 
,  Qt  Nilshill,  near  Glasgow  (see  Cat.  Foss.  Ceph.  Brit. 
Bt.),  pt.  i.  1888,  Suppl.  p.  319). 
t  Hpecitis  has  been  well  deeorihed,  but  poorly  figured 

(Trana.  Geol.  Soo.  Glasgow,  vol.  ii.  pt.  i.  p.  74,  pi.  L 
<er    tbs    name   of  Nautilu»  {DitciUa)   nodi/ena.    Its 
liomer'g  Bpedes  is,  however,  beyond  question. 
ing    ie    Armstrong's    description :—"  Shell  disooidal. 
iboiit  three  gradually  enlarging,  coiitiguoua,    nearly 
fhtirls,    completely   exposed   in  a   moderately  ahallow 
;k  broad,  rounded  at  the  edges,  and  traversed  in  lie 
vide  ami   deep   channel,  on  Ibe  sloping  sides  of  which 
thread-like  ridges.     The  remainder  of  the   apace  ou 

sides  of  the  flhell  is  occupied  by  sii  rows  of  closely 
.,  obtuse  tubercles,  elongated  in  the  direction  of  the 
row  of  tuliercles  of  large  eizo  bounding  the  back,  a 
f  equal  size  between  it  and  the  channel,  and  three  on 
ich   decrease   in   size  townrds  the  umbilicus.      Sarfaoe 

coarse,    siiuaraose,    wavy   lines   of  growth,  which  are 
mis  in  the  dorsal  [=ventral.  or  pi-ripheral]    channel. 
IS,  iheir  e.lgea  archeil  considerably  backwards  on  ihe 
1  slightly  so  at  the  aidea.    Siphuncle  iV  iuch  diameter, 
ensious— width  of  greatest  diameter  SJ  inches,  widtU 
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piece  of  genuine  ArohsBan."  *  This  question  Sir  A.  Qeikie  anBwers 
offhand — by  the  guidance  of  petrographical  characters — aided  by  the 
hummocky  surface  of  the  ground,  which  latter,  however,  is  not 
confined  to  Archaean  gneisses.  These  petrographical  characters  I 
have  described,*  and  state  that  the  rocks  have  ''  much  the  aspect  of 
a  Highland  gneiss  " ;  but  I  do  not  think  these  characters  may  safely 
"  be  taken  as  a  guide  "  to  age.  There  is  certainly  at  this  moment  a 
controversy  whether  they  can  be  or  not. 

Sir  Archibald  then  speaks  as  if  no  order  of  succession  has  been 
made  out  in  the  Anglesey  rocks,  and  as  if  their  metamorphism  was 
the  only  argument  for  their  Precambrian  age  in  the  strictest  sense. 
I  would  point  out  that  near  Beaumaris  the  Lowest  Cambrian  has 
been  shown  to  overlie  them. 

But  the  most  important  matter  is  the  decision  of  the  age  of  the 
rocks  of  the  Northern  District  which  the  Director-General  now 
considers  to  be  Silurian.  He  states  in  the  first  place  that  ''the 
necessity  for  inserting"  the  bounding  '* fault  apart  from  any  actual 
visible  trace  of  its  occurrence  arose  when  the  conclusion  was  arrived 
at  that  the  rocks  at  the  extreme  north  of  Anglesey  were  essentially 
altered  Cambrian  rocks."  That  is  to  say,  it  is  a  theoretical  fault. 
Dr.  Callaway  has  given  evidence  for  this  fault,  and  my  own  state- 
ment is:  *'In  this  Northern  District  a  very  definite  sequence  of 
rocks  may  be  demonstrated,  ....  We  can  follow  the  strike  with 
considerable  accuracy.  Now,  whatever  part  of  the  series  we  may 
be  on  from  the  lowest  to  the  highest,  and  therefore  whatever  class 
of  rock  is  on  the  northern  side  of  the  fault,  as  soon  as  we  overstep 
that  boundary  we  are  immediately  landed  in  black  shales,  which 
have  a  pretty  uniform  character  throughout,  lliis  leaves  no  alterna- 
tive but  a  fault  or  an  unconformity ;  if  it  were  an  unconformity,  the 
upper  group  would  run  parallel  to  the  boundary,  which  it  does  not." 
Whoever  denies  this  fault,  let  him  answer  this  argument,  and  also 
explain  how  masses  of  Cemmaes  Limestone  come  to  be  found  in  the 
basal  Silurian  conglomerates. 

In  fact,  however,  this  line  is  not  in  modem  language  a  fault,  but 
a  "thrust"  The  Director  adds:  "Where  the  supposed  elliptical 
fault  reaches  the  shore  at  CarmeFs  Point,  the  two  groups  of  rock 
seem  to  me  to  follow  each  other  in  unbroken  sequence."  So  they 
do  to  me,  but  things  are  not  always  what  they  seem.  At  Craig-an 
Enockan,  Eoss-shire,  and  elsewhere,  there  is  an  apparent  "  conform- 
able upward  succession"  between  Silurian  rocks  and  the  overlying 
gneisses.  The  little  bands  of  black  slate  caught  up  in  the  motion 
in  Anglesey  are  just  what  we  might  expect  in  a  similar  case. 

Dealing  next  with  the  nature  of  the  upper  part  of  the  rocks,  some 
of  which  have  yielded  fossils,  he  states  that  they  include  "  courses  of 
black  shale  containing  Lower  Silurian  Graptolites";  also  "it  has  been 
supposed  that  the  higher  bands  of  black  shale  may  also  have  been 
brought  into  their  present  position  by  faults"  . . .  "but  this  suggestion 
is  completely  disproved  by  the  coast  sections,  which  exhibit  many 
thin  leaves  of  black  shale,  sometimea  \ea«  lYi^ii  «xl  vcv.Odl  "Oclv^^ 
'  Q,J.Q,a.  Yol.  liir.  p.  497.  »  Eep.  Bill,  lU8«».l«  V^'^^'^-'^'^- 
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-e  tliat  tliere  are  any  eourtet  (in  beds  paralM  to  tin 
,hale  ;  the  fuiiltB  which   let  down   thu   moasee  which 
e  yii-Uec!  Grui.Iglites  may  be  sern  on   both   Bides.     If 
er  black  sbale  bands  which  I  have  not  observed,  tUt 
point  to  be  connidered  ;  bnt  it  could  only  bo  ded«TB 
3d  Graptolilea  of  known  Silurian  species. 
r  eiiniH  >ip  by  saying  that  this  area  "  is  proved  by  tha 
(sils  at   iW  base,  towards  its  centre,  and  at  its  top  lo 

Lower  Silurian  series."     This  sounds  like  a  Mttled 
may  1  ask  (or   rather   can   I  get  an    answer  to  the 
hni  is  the  lowest  bed  of  the  serieB  iibove  the  Black 
t  are  the  names  of  the  stipjMsed  Silurian  fossils  it 

where  may  they  be  seen  ?     All  Sir  A.  Ramsay  saji 
rlh  by  the  shore  a  few  jKwr  fossils  in  irregular  bands 
:!early  indicate  the  Coradoc  or  Bala  age  of  some  of 
t'hat   are   the   names   of  the  Graplolites  which   occur 
Dtre  ?  and  what  is  the  proof  that  OrlUi*  Bai/leana  is 

ints  generally  for  the  Monian  age  of  these  northetii 
le:  The  volcanic  group   is  more  or  less  repeated  in 
if  the  islamt.    It  must  be  a'imittcd,  however,  that  those 
mble  these  northern  rocks  do  not  clearly  show  ihrir 
relations.     Tlie  quartz  knobs  and  limestone  luaBsei 
ind  amongst  them  also  chnracterize  parts  which  are 
ecnnibrian.      It  niny   he   said   against   this   that  these 
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and  if  petrography  can  be  shown  in  this  case  to  be  a  safe  guide,  the 
Monian  is  certainly  one.  But  on  the  next  page  (75)  it  is  stated  that 
Dal  radian  is  proposed  for  the  "crystalline  schists"  alone.  In  a 
note  he  says  that  the  Monian  includes  Archsean  gneiss.  This  it 
does  not  do,  for  if  the  rocks  which  I  suggested  might  be  Archaean 
gneiss  were  proved  to  be  so,  that  fact  would  exclude  them  from  the 
Monian ;  and  if  they  are  not  Archaean  gneiss  they  are  foliated 
granite,  and  as  such  form  no  part  of  the  system.  Also  that  it 
includes  ''  strata,  volcanic  and  fossiliferous,  of  undoubtedly  Bala  age.'* 
But  even  if  this  could  be  proved,  these  strata  could  be  eliminated 
from  the  Monian  without  destroying  its  existence  or  making  it 
much  smaller. 

I  now  pass  to  the  next  paper  by  Dr.  Callaway  "  On  the  Uncon- 
formities between  the  Rock  Systems  underlying  the  Cambrian 
Quartzite  in  Shropshire." 

The  first  question  dealt  with  is  the  age  of  the  ''  Volcanic  series  " 
or  Urioonian.  This  I  concluded  to  be  younger  than  the  Longmynd 
shales.  The  evidence  I  brought  forward  for  this  was  entirely 
original,  for  Dr.  Callaway  never  discussed  the  question  at  all,  to  my 
knowledge,  and  even  now  he  does  not  bring  forward  a  shred  of 
positive  evidence  that  it  is  older.  He  says  they  are  faulted  together, 
in  which  case  either  might  be  the  younger.  The  fact  is  he  proved 
the  Urioonian  to  be  older  than  the  Cambrian  Quartzite,  and  assuming 
the  Longmynd  shales  to  be  Cambrian  also,  that  carried  the  point. 
Even  now,  I  can  scarcely  regard  its  younger  age  as  definitely  proved ; 
it  may  be  that  they  are  more  or  less  contemporaneous  in  spite  of 
any  difference  of  strike.  All  I  can  say  is  that  all  the  evidence 
available  is  most  in  favour  of  the  volcanic  series  being  younger ;  and 
actually  Dr.  Callaway's  own  statements  are  primd  facie  to  the  same 
effect.  Thus  he  refers  to  a  locality  on  the  S.  E.  of  Bagleth  (which 
after  careful  searching  I  failed  to  find)  where  shale  like  the  Long- 
mynd shale  is  overlaid  by  red  felsite.  Again,  he  states  that  near 
Hazier  cottages  the  Longmynd  slate  near  its  junction  with  the 
Urioonian  <*  has  a  burnt  appearance  and  the  cracks  are  injected  with 
red  felspar." 

He  next  refers  to  the  Pontesford  Hill  area,  and  says  that  the  rocks 
next  the  rhy elite  are  not  altered.  Assuming  that  they  are  not, 
though  to  my  mind  they  certainly  are,  the  section  is  still  proved  by 
stratigraphy  to  lie  above  the  whole  of  the  Longmynd  series.  It  is 
difficult  to  understand  the  gist  of  the  concluding  sentence:  ''As 
this  crucial  case  breaks  down  on  examination,  I  thought  it  needless 
to  re-examine  the  other  masses  of  Urioonian  which  appear  on  the 
line  of  the  great  Pontesford  Linley  fault."  If  it  means  that  because 
in  his  opinion  I  am  in  error  about  the  alteration  (in  common  with 
Sir  K.  I.  Murchison,  who  seems  to  have  examined  this  district  more 
thoroughly  than  any  one  else),  therefore  I  am  unworthy  of  credence, 
his  paper  might  have  conveniently  stopped  there. 

Turning  next  to  the  unconformity  in  the  middle  of  the  LotL^^^^^^ 
he  selects  for  sole  examination  the  section  at  '^«iXii^%  tt^OiL,    \  ^'^^ 
the  junction  as  it  is  actually  seen,  and  tti\»  \%  'w>a»X.  \  ^1  y^xilv.  >N.« 
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ctorj  or  conclusive.     If  it  bad  been  oon tor iii able,  the 
is  indicated  by  the  Blickeiisides  migbt  easily  ha»9 
amount   of  unconformity  appnrent."     Dr.  CtJIaway 
ame,  "  The  grit  appearx  to  Lave  bi^n  a  little  squt-eieJ 
,   m    that    here   and   there   a   trivial    unconforniily  ia 
3coriiing  to  his  eection,  which,  by  the  way.  is  not 
any  one  spot,  but  is  made  up  from  aeveral  exposures, 
»ve  the  same  Hip,  so  there  is  an  apparent  conformity. 
to  aee  bow  an  Apparent  conformity  oombined  with 
nconforuiity  can  '■  absolutely  disprove  "  tlie  reality  of 
36  other.      My  deduction   is  that  the  evidence  here  is 
But  other  evidence  is,  or  at  least  is  put  forward  as 
not  tackled  by  the  critic 

to  the  conglomerates  and  grils  found  on  the  "Volcanic 
.uperficitti  or  otherwise,  it  will  be  well  to  state  what 
deuce  of  a  rock  being  superficial.    When  the  boundsry 
■  an  irregular  kind,  like  the  outline  of  a  map,  and  is 
all  sides  by  other  nicks  which  have  a  more  definite 
arly  if  ila  boundary  is  nearly  horizontal  and  follows 
the  conioars  of  the  present  valleys.  I  lake  it  t«  be 
1  proportion,  of  course,  as  lliese  ieuturea  are  wanting, 
1  less  satisfactory.     They  are  all  fulfilled  by  the  grit 
Hill.     I  am  not  at  all  sure  that  Dr.  Callaway  has  seen 
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The  third  paper  I  wish  to  speak  of  is  by  Miss  Baism,  "  On  the 
Lower  Limit  of  the  Oambrian  Series  in  N.W.  Carnarvonshire." 
This  I  have  only  here  to  refer  to  as  it  deals  with  supposed  Pre* 
eamhrian  rooks.  One  general  observation  is  necessary.  The 
authoress  continually  speaks  of  my  conclusions  as  "  new."  They 
are  in  fact  essentially  the  conclusions  of  Sir  A.  Barasay,  and  the 
only  novelty  about  them  is  the  reconciliation  of  these  with  some 
portion  of  the  more  recent  conclusions  of  other  writers. 

The  proofs  which  I  gave  of  the  general  correctness  of  Sir  A. 
Bamsay's  conclusion  Miss  Haisin  has  sought  to  invalidate,  and  in. 
one  case  I  have  now  to  acknowledge  she  has  done  so  with  success. 
On  re- visiting  Bryn-Efail  I  find  that  her  reading  of  the  section  is 
the  true  one,  and  my  own  is  erroneous.  I  would  make  this  acknow- 
ledgment in  any  case,  but  I  do  it  now  with  all  the  more  readiness, 
that  I  find  that  the  mistake  is  an  entirely  gratuitous  one.  If  my 
reading  had  been  correct,  it  would  have  constituted  a  difficulty,  rather 
than  an  aid  in  the  true  reading  of  the  district. 

The  fact  is,  that  when  I  wrote  my  paper  I  was  studying  Pre- 
cambrian  rocks,  and  as  soon  as  I  found  that  there  were  none  in  the 
district — for  the  proof  of  which  the  other  observations  are  amply 
sufficient,  and  had  led  me  to  this  conclusion  before  ever  I  saw 
Bryn-Efail — 1  grudged  any  more  time  for  the  subject,  and  was  glad 
of  a  short  cut,  which  has  proved  to  be  disastrous.  I  saw  that  to 
understand  the  real  history  of  these  volcanic  masses  involved  a 
survey  of  the  whole  of  the  Cambrian  rocks  of  the  district— a  task 
from  which  I  shrank.  That  survey  I  have,  however,  now  made, 
and  hope  shortly  to  present  the  results.  By  this  I  have  learnt,,  that 
a  great  number  of  previous  supposed  results,  some  of  my  own  among 
them,  are  entirely  wide  of  the  mark.  The  only  thing  that  becomes 
clearer  than  ever  is  that  there  are  no  stratified  Precambrian  rocks  in 
the  ordinary  sense  in  North- West  Carnarvonshire.  These  results  will 
render  it  useless  to  reply  to  any  other  points  in  Miss  Baisin's  paper. 


in. — A  Miniature  Illustbation  of  Normal  Faulting. 
By  T.  Mbllaro  Bbadb,  C.E.,  F.O.S. 

WHEN  examining  the  Glacial  drift  at  Nevin,  Carnarvonshire,  I 
observed  in  a  banded  silty  clay  occupying  the  top  of  the  cliff 
of  drift  at  a  point  between  Porth  Nevin  and  Perth  Bodeilias,  an 
excellent  illustration  of  my  theory  of  Normal  Faulting.^ 

The  bed  in  question  consisted  of  an  extremely  finely  laminated 
silty  clay,  sometimes  called  book-leaf  clay,  the  laminations  being 
grouped  in  ribands  about  half  an  inch  wide  and  six  inches  apart, 
of  lighter  and  darker  colours,  presenting  a  striped  appearance  very 
conspicuous  from  the  shore.  In  the  upper  part  of  the  bed  the  bands 
were  continuous,  though  a  little  wavy :  the  lower  part  of  the  bed, 
as  far  as  it  was  visible  above  the  talus  of  sand,  was  faulted  as 
shown  in  the  accompanying  diagram  (Fig.  I).  These  faults  simu- 
lated in  a  remarkable  manner  sections  oi  iaxAtA^  ooii-^^^^  ^\^^ 

'  Chap,  riiL  Origin  of  Moontam  Bahs^a. 
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n  from  actual  niniiig  exploration  and  meaBnreroent 

■ow  was  Z\  incliea  meaxured  on  ihe  hade  of  the  fault 

alure  of  Normal  Faulliiip  was  reproduced  in  tniiiiatDra 

I  liiagram,  aiuong  which  are   the   dropping  of  the 

ilocka  (as  at  e.  Fig.  1):  the  universal  hade  to  tbe 

e  occaaional  curve  of  the  beds  (bands)   downwards 

I  upwards  on  the  otlieras  at///,  Ihe  result  of  alipping 

Ifittitig  together  of  all  the  parla  or  wedges  into  whi*i 

I  been  divided  by  Bhearing. 


:y  claj  a-1  Pipo^pd  in  Hip  Cliffs  of  Gliciri 
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siUy  clay  when  dry  rubs  on  to  the  fingers  like  flour.  This  peculiar 
constitution,  together  with  the  fine  sandy  laminations  at  which  the 
clay  readily  separated,  rendered  the  material  very  "short"  on  drying, 
facilitating  its  rupture  by  shearing  and  the  keying  up  of  its  divided 
portion  by  wedging,  on  the  principle  known  to  mechanics  as  '*  fox 
wedging."  If  the  bands  were  replaced  in  their  original  position, 
they  would  not  fill  up  the  gap.  The  material  must  shrink  a  good 
deal  in  drying. 

If  we  substitute  volumetrical-contraction  by  change  of  temperature 
for  contraction  by  loss  of  moisture,  and  increase  the  size,  weight, 
and  rigidity  of  the  beds,  we  have  at  once  my  theory  of  Normal 
Faulting,  as  explained  in  chapter  viii.  of  the  Origin  of  Mountain 
Ranges.  It  is  certainly  remarkable  how  the  material  gets  repacked 
by  shearing  and  wedging  up,  even  in  such  miniature  faultings  as  are 
here  described.  There  are  absolutely  no  cavities,  the  faults  being 
mere  lines,  so  close  do  the  constituent  parts  fit  each  other.  No  doubt 
Nature  reproduces  great  faulting  in  this  miniature  manner  through 
the  small  shearing  strength  of  the  beds.  Had  there  been  more  clay 
in  the  material,  it  would  have  proved  too  plastic  for  the  purpose. 
In  the  actual  faulting  of  the  earth's  crust  the  weight  of  the  rock  is 
much  greater  in  proportion  to  the  shearing  stress  brought  into  play 
by  contraction. 

In  conclusion  I  ask,  as  a  suggestion  for  the  consideration  of  those 
who  have  studied  the  subject,  whether  the  minute  faults  sometimes 
found  in  banded  slates  have  not  been  produced  in  somewhat  the 
BAme  manner.^  It  certainly  seems  clear  to  me  that  the  faulting  in 
such  cases  has  preceded  the  cleavage. 


IV. — On  the  Amount  of  Sand  brought  up  by  Lobworms  to  thk 

SURFAOE. 

By  Chaslbs  Dayison,  M.A., 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

TEN  years  ago  Charles  Darwin  published  his  last  work,'  the 
result  of  more  than  forty  years'  observations  on  the  habits  of 
earthworms  and  the  rate  at  which  they  bring  up  soil  to  the  surface. 
To  ascertain  this  rate,  he  made  use  of  two  methods.  In  the  first 
place  he  measured  the  rate  at  which  layers  of  lime  or  cinders  were 
covered  over  by  the  spread-out  castings  of  worms ;  and,  later,  he 
collected  and  weighed  all  the  castings  thrown  up  over  a  definite 
area  within  a  given  time.  As  is  well  known,  the  general  result 
of  his  investigation  was  greatly  to  exalt  our  ideas  of  the  importance 
of  earthworms  and  of  the  work  they  do  upon  the  surface  of  the  land. 
The  work  performed  by  lobworms  on  the  surface  of  tidal  sands 
seeming  not  less  worthy  of  study,  I  made  some  observations  on  the 
subject  during  a  short  stay  in  Holy  Island  last  August.  Between 
this  island  and  the  opposite  coast  of  Northumberland  is  an  expanse 

«  See  "  A  Faulted  Slate"  by  J.  J.  Harris  Teall,  Gioi..  ^k^j.  \^^*k^;«5.\^'i.. 
'  **  The  Formation  of  yegetable  Mould,  thtougYi  t>i^  vjc^qtel  ^l  ^woi^,  ^^i^&q 
Ob§enratioDB  on  their  HahitaJ'  1881. 
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1  the  Holy  Island  SaniJB)  about  three  miles  wide, 
Ijare  hy  the   cea  a  few  boura  after  high-wat*r,  and  \» 
1  thickly  amjiled  wilh  castings  fonn.-d  by  lobworms. 
jot.  the  oasiings  seem    to   bt.  eoattered   with   a  fair 
iforniity.  but  patches  or  sand,  apparently  not  diffeiing 
ocuur  in    places  without  any  caetings.     When  the 
-ed  with  broken  shells.they  are  aleo  rare  oraltogetlm 
the  sand  is  much  ripple- marked,  and  then  the  shells 
bolliiwB,   wliile   caalings  are   common    on   the   inter- 
A  few  observations  were  also  niarle  in  Ihe  two  bays 
ide  of  the  island,  bill  here  the  beach  ie  more  eiposwl, 
tly  the  castinRB,  though  hardly  less  numeroas,  Lad 
the  action  of  the  rougher  sea. 
(bvioua  that  the  second,  but  more  aocnrate,  of  Mr. 
lods  was  the  only  one   that  could   be   followed  with 
present  case.     In   several   pluoea   where   the   caslinjra 
f  scattered,  I   marked  off  spaces  boumied   by  straight 
them  ron^lily  sHuare,  but  Ihe  majority  triangular  in 
these  spaces  I  counted  all  the  castings  that  bad  been 
h  one  exception,  either  aliout  or  after  the  time  of  low- 
six  of  them   filled  wide-mouthed  jura  with  castingB, 
erwarils  thoroUfihly  dried  and  weighed. 
•atlings  in  a  ijiren  area.~Oa  the  Holy  Island  Sands, 
lumber  of  castings  in  nineteen  measured  areas,  all  but 
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from  four  areas  on  the  Holy  Island  Sands  with  the  following 
results : — 

(1)  About  100  yards  from  the  Holy  Island  shore  and  nearly 
opposite  the  village,  a  triangular  area  of  13,534  square  inches  was 
measured  off.  It  contained  87  castings,  equivalent  to  40,322  per 
acre.  Sixteen  of  these  were  collected ;  their  total  weight  when 
dried  was  7,955  grains,  t.e.  an  average  of  497  grains  or  about  If  oz. 
for  each  casting.  Now,  the  number  of  high  tides  in  the  year  is  705. 
Hence,  if  the  same  number  of  castings  are  formed  every  day 
throughout  the  year,*  the  total  weight  of  castings  thrown  up 
annually  would  he  901  tons  per  acre. 

(2)  About  100  yards  from  the  shore  and  nearly  opposite  the 
old  lime-kilns,  an  area  of  6,324  square  inches  contained  53  castings, 
t.e.  at  the  rate  of  52  568  per  acre.  These  castings  were  all  large. 
Six  of  them  weighed  7,986  grains,  or  on  an  average  1,331  grains  or 
about  3  oz.  each.  The  total  weight  thrown  up  annually  would  thus 
be  3,146  tons  per  acre. 

(3)  About  100  yards  N»W.  of  the  last  place  and  the  same  distance 
from  the  shore,  an  area  of  7,844  square  inches  contained  88  castings, 
equivalent  to  70,372  per  acre.  All  of  these  castings  were  large. 
Seven  of  them  weighed  6,963  grains,  t.e.  an  average  of  995  grains 
or  about  2^  oz.  each.  At  this  rate,  the  weight  of  sand  brought  up 
annually  would  be  3,147  tons  per  acre. 

(4)  About  one  mile  N.W.  of  the  village  and  a  quarter  of  a  mile 
from  the  shore,  an  area  of  5,304  square  inches  contained  38  castings, 
or  44,941  per  acre.  These  castings  were  very  much  smaller  than 
are  usually  found  on  the  Holy  Island  Sands,  and  only  about  half  the 
average  number  per  acre.  Twenty  of  them  weighed  4.444  grains, 
t.0.  an  average  of  222  grains  or  about  half  an  ounce  each ;  giving  a 
total  weight  ejected  annually  of  449  tons  per  acre. 

Taking  the  average  of  these  four  estimates,  we  find  that  the 
amount  of  sand  brought  up  to  the  surface  by  lobworms  every  year  %$ 
1,911  tons  per  acre.*  But  this  is  probably  less  than  the  actual 
amount ;  for,  though  the  castings  in  the  second  and  third  areas  were 
laiger  than  usual,  yet  in  the  fourth  they  were  much  below  the 
average  size,  and  in  every  case  the  number  of  castings  per  acre  was 
less,  and  in  two  cases  much  less,  than  the  average  number  formed  on 
the  Holy  Island  Sands. 

On  the  north  side  of  the  island,  in  Caves  Haven,  castings  were 
collected  from  two  places  : 

(5)  An  area  of  12,568  square  inches  contained  173  castings, 
equivalent  to  86,344  per  acre.     Sixty  of  these  castings  weighed 

*  I  haye  not  been  able  to  learn  anything  decisive  on  this  point,  but  I  was  informed 
bj  a  resident  on  Holy  Island  that  the  castings  appeared  to  be  quite  as  numerous  there 
in  winter  as  in  summer. 

>  Mr.  Darwin  has  calculated  the  amount  of  soil  brought  up  by  earthworms  in  four 
cases,  one  of  thi,s6  being  near  Nice  and  the  other  three  in  England.    The  results 
are  14*68,    18*12,  7  66,  and  16*1  tons  per  acre  every  year  (pp.  160-169).    The 
average  of  these  estimates  being  14*09  tons  per  acre,  it  \oV\o'««  ^^%\i  ^^^«\^^  ^^ 
sand  Drought  up  by  lobworma  is  136  times  tne  weight  oi  «oV!L  \»OM!^t  ^  V)  ^»:e^« 
wamu  over  an  »juiu  area  in  the  same  time. 
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or,  on  an  average,  102  grains  or  abont  a  qnarter  of 
.     At  this  rate  Uie  total  weight  of  sand   brought  op 
i  be  396  tons  per  aere. 

ift  of  13,154  square   inobes   contained    158  csslings, 
'5.845  per  acre.     Siitly  of  them  weighed  5,835  greioi, 
of  b7  grains  or  less  than  a  quarter  of  aa  ounce  for 
The  total  weight  of  sand  brought  up  anoually  would 
■i  a-29  ton»  per  acre. 

)  of  these  two  estimates  is  3G3  tons  per  acre,  less  than 
le  average  for  the    Holy  Island   Sands.      But   it  Tniist 
han  the  amount  of  sand  actually  brought  up.  for  the 
ves  Haven  had  evidently  suffered  oousiderable  degra- 

iiid  tprtnd  oner   a  ghen   ur«a.— After   the   sand   iron 
(  areas  had  been  thoroughly  dried  and  weighed,  it  wis 
11  pas u ring- glass  and  pressed  firmly  down,  in  order  to 
ijhly  the  volume  of  sand  broughi  np  annually  overM 
lults  are  given  in  the  following  table  ;— 

Volume  ot             Volume  of  Mnd       Thicknea  of  ttf 
castinjra             broiigbl  up  anno-         larfr  of  and 
collei'led.               illj  per  »oie.           bniugbt  up  UD. 

dSaod.        ...     2V9T        !!.'si2         5  9.1 

...     20-99         an,8l5          22-26 

...      18-43         7.i,591          30*3 
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worn.  But  ibis  is  of  small  importance  compared  with  the  fact  that 
fresh  sand  is  being  continually  introduced  by  them  to  the  rounding 
action  of  the  waves. 

Nearly  all  castings  are  formed  on  a  surface  of  sand  which  is  in- 
clined towards  the  sea.  At  the  first  touch  of  the  water,  a  casting 
sinks  down  and  swells  out  at  the  base,  and  more  of  the  casting 
flows  down  the  slope  than  up  it.  This  flowing  was  especially 
marked  at  one  spot  on  the  Holy  Island  Sands,  where  the  beach  was 
slightly  inclined  and  the  surface  discoloured  by  mud.  The  castings 
formed  on  it  were  composed  of  clean  sand,  and  had  evidently  been 
surrounded  by  one  or  several  waves  as  the  tide  went  down.  We 
cannot  always  be  certain  that  the  summit  of  a  casting  was  originally 
above  its  centre,  but  in  every  one  by  far  the  greater  part  of  the 
spread-out  base  lay  below  the  highest  point  of  the  casting.  In  some 
cases,  the  castings  had  entirely  lost  their  vermiform  appearance,  and 
were  simply  long  low  mounds,  the  longer  axes  pointing  down  the 
slope.  In  others,  they  had  flowed  so  much  that  they  could  only  be 
distinguished  by  their  different  colour  from  the  surrounding  sand. 

V. — Note  on  the  Oooubrenoe  of  Ammonite  jurbnsis  in  the 
Ironstone  of  the  Northampton  Sands  in  the  Nbiqhboubhood 
of  Northampton. 

By  E.  T.  Nbwton,  F.G.S. 

CONSIDERABLE  doubt  having  been  expressed  with  regard  to 
the  occurrence  of  the  zone  of  Ammonites  jurensis  in  the  neigh- 
bourhood of  Northampton,  much  interest  attaches  to  the  discovery, 
by  Mr.  T.  Jesson  of  Great  Houghton,  of  the  typical  Ammonite  in 
some  abundance  in  this  area.  It  is  perhaps  remarkable  that  there 
should  have  been  any  doubt  about  the  matter,  seeing  that  in  Samuel 
Sharp's  earlier  paper  ^  Am,  jurensis  was  recorded  among  the  fossils 
from  Duston,  and  this  should  have  stimulated  further  search  when 
the  doubt  arose  which  seems  to  have  caused  this  species  to  be 
omitted  from  the  later  paper  by  the  same  author,'  in  which  some 
palasontological  errors  of  the  earlier  paper  were  said  to  be  corrected. 
This  omission  led  subsequent  writers  to  think  that  Am.  jurensis  did 
not  occur  in  the  neighbourhood,  and,  indeed,  it  does  not  appear  to 
have  been  met  with  by  other  workers  in  the  district  until  the  present 
discovery  by  Mr.  Jesson. 

In  1874  Mr.  Sharp  conducted  an  excursion  of  the  Geologists' 
Association  to  Northampton,  and  in  the  report  of  that  excursion 
Mr.  W.  H.  Hudleston  ^  notices  the  section  of  the  "  ironstone  series 
of  the  '  Northampton  Sand ' "  at  Duston  Quarries,  but  does  not 
mention  Am,  jurensis  as  being  among  the  fossils  found. 

Mr.  Beeby  Thompson,  in  his  paper  on  the  **  Upper  Lias  of 
Northamptonshire,"  ^  maintains  that  the  Am.  jurensis  zone  is  repre- 
sented in  the  clayey  series  beneath  the  Northampton  Ironstone,  by 
his  "  Upper  Leda-ovum  beds,"  although  the  characteristic  Ammonite 

"  Q  J.G.S.  Yol.  xxvi  p.  364,  1870.  »  Q.J.G.S.  ?oL  xiii.  p.  296,  I87a, 

'  Record  of  Excursions,  London,  1R91,  p.  452. 

*  JoariL  NortbamptoDiiure  Nat.  Hist.  boo.  Yol.  y.  p.  5^«  \%%%. 
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or,  on  Bii  average,  102  gmina  or  »bt>nt              '  ^ 

At  this  raw   tlie  total  weigbt  of  W               ^^^^y^        • 
1  be  306  tons  per  acre.                                             j^       < 
.  of   13,lo4   Buiiare   incbes   conU'                  „  f„ 
^U45i>erftcre.     Siity  of  them  w                     '^^^ 
of  y?  grains  or  lens  than  a  qn                    ''        ,,.       ' 
■1-iie  U.tal  weight  of  saod  br«i-                  .  '"°  6^,           j 
32d  tons  per  «cre.                                        thriatlU: 
af  lliBM  two  esliniatee  U  S'                   \,,:     Tj 
,av..ogefortheHoIyI.                ^i^'tdii 
irin   tlie   nmtmnt  of  MUd                    J«rm(.i   »■"»  a 
..8  Haven  bad  evidentl      ,  ,     ,   """'^  ^""^  "^  Z 

„A  spread  o..r  a  gx-     ,  .      .""'  ^^ .'"?  ""'^"7,  " 

nr.;s  had  been  tho-             '"°"  ,'"  "'^^  ■  T! 

.Pa.,.ring.glaas  au.-      '     ^^a  of  larger  one.)  being  «i 

hly  tho  volume  c          "**"'«  ?*  n.«ch  aa  «,i  oreighl 

,/           .                     one  specimen  which  must  Iutb      I 

given  in   .   _j^^^  ^^  gomewhat  larger  than  Iti* 

Voli'      ractical   Geology,  figured   half  ill 

^    .th  which  these  Briiworth  Aiumonit« 

Sandi       ...    ,  referred  to  ^m,  opa/iniu  correspond  with       1 
-  s,  IJuckman.'     Am.  intignit  is  represented      | 
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CLOSURB   OF   ITS   LoOP,  KTO. 

By  the  Rey.  Norman  Glass. 

DAVIDSON  thus  describes  the  external  characters  of  this  species 
in  his  Sil.  Suppl.  pp.  101,  102.  The  description  is  practi- 
cally the  same  as  that  which  he  previously  gave  in  his  Sil.  Mon. 
'*  Marginally  of  a  somewhat  elongated,  pentagonal  shape,  truncated, 
and  slightly  indented  in  front,  broadest  about  the  middle.  Tapering 
posteriorly.  Valves  almost  equally  convex,  with  a  slight  median 
depression  near  the  front  in  the  ventral  valve.  Beak  strongly 
incurved,  and  truncated  by  a  minute  oval  foramen ;  surface  smooth, 
marked  by  a  few  concentric  lines  of  growth.  Length  6,  breadth  5 
lines,  but  the  generality  of  specimens  are  much  smaller."  Davidson 
refers  to  the  spirals  of  this  species  both  in  his  SiL  Mon.  and  in  his 
Sil.  Suppl.  Sil.  Mon.  p.  115 :  '*  I  had  noticed  the  presence  of  spirals 
in  1847,  and  recorded  the  observation  in  the  '  Bulletin  Soc.  Geol. 
France,'  and  Lindstrdm  has  also  detected  them  in  a  Gothland 
specimen."  In  pi.  x.  fig.  31  of  his  Sil.  Mon.  Davidson  represents 
the  dorsal  aspect  of  the  spirals,  with  the  bases  of  the  spirals  facing 
each  other  in  the  centre  of  the  shell.  The  spirals  of  this  species 
are  more  fully  referred  to  in  Davidson,  Sil.  Suppl.  p.  102 :  '*  The  small 
dimensions  attained  by  this  species  caused  the  Kev.  Norman  Olass 
much  trouble  in  his  patient  endeavours  to  work  out  its  interior 
arrangements.  A  great  number  of  £nglish  specimens  were  operated 
upon,  as  well  as  a  number  of  Swedish  ones  kindly  contributed  by 
Prof.  Lindstrom  of  Stockholm.  Mr.  Glass  has  shown  in  a  very 
plain  manner  the  accessory  lamellse,  also  the  hook-shaped  attach- 
ments to  the  hinge-plate ;  but,  on  account  of  the  smallness  of  the 
specimens,  it  was  not  possible  to  expose  the  loop  or  its  attachments 
to  the  primary  lamellae  in  the  same  manner  as  he  had  so  successfully 
achieved  in  Athyris  piano- sulcata.  We  are  both  convinced  that 
Sowerby*s  species  is  an  Athyris.  In  a  specimen  one  line  and  a  half 
in  length  cleared  out  by  Mr.  Glass,  there  were  only  three  coils  in 
each  spiral.  In  another  four  lines  in  length,  four  coils ;  and  none 
of  the  largest  specimens  have  shown  more  than  six  or  seven  in  each 
spiral."  In  his  Sil.  Suppl.  pi.  iv.  figs.  25,  26,  Davidson  gives  repre- 
sentations of  the  dorsal  and  ventral  aspects  of  the  spirals — the 
ventral  aspect  including  the  hook-shaped  attachments  of  the  primary 
lamellas  to  the  hinge-plate  and  the  accessory  lamellae  of  the  loop. 

Davidson  in  the  above  quotation  credits  me  with  a  stronger  im- 
pression than  I  possessed  as  to  this  species  being  an  Athyris, 
Certainly  so  far  as  the  hook-shaped  attachments  of  the  primary 
lamellas  to  the  hinge-plate  were  concerned,  cmd  the  ventral  aspect 
of  the  accessory  lamellas,  there  was  nothing  to  distinguish  this 
species  from  Athyris,  but  in  Athyris  the  accessory  lamellse  are  con- 
tinued over  the  posterior  border  and  about  half-way  down  the  dorsal 
side  of  the  spirals,  and  no  evidence  of  this  had  been  discovered 
when  the  Sil.  Suppl.  was  published — indeed  those  preparations  which 
I  had  sent  to  Davidson  showing  tlie  doraal  a^^^X.  ol  >^;i^  %^\\^^ 


5.  T.  N''irtoH—On  Ammonifet  J'-         ■"'"^'^                | 

ffiunfl:   Ihii  view,  Wwef'             .  ''L^-e««ory  Ininelk. 
kn.au  ill  »  later  Dumber                 -^'  "'th  ftny   mtWiHj 

who  has  been  for                      "^  "^"i  'I*  altoclmani 
itono  beds  in  tie  ' 

agh  to  fiend  to  tl                   ■  .liree  apeciei.  of  itfcjn., 
,be  series  of  ape                     f''i  J-  d«/;"Mfl_llie  latttt 

om  Brixwort'                .-n^hea,  be  afterward*  in  bin  SiL 

e  ereater                   ■  •*■    •Mwpreija   be  determined  u 

,ferable                   ;"*';"«  '^ /^^ff.oF  a  single  specie* 

:b   at^                   "^"«'"'-  """i  '"  »"«  Sil-  S..|,pl.  p.  155, 

is  rer                     ""■"*   '"*   '0   ^%"«    d^prewa;— ■■The 

pIj  ,                   .levflop  l)ie  interior,  and  to  clear  away 

„g,               ,  .rfieric  position  of  the  shell,  for  it  bas  tlia 

lj                  ,  I'  of  tlie  genua  Shi/nehonflla."     As  there- 

.                   -;.r.'aentative  left  of  tbe  genus  Alhyria  in  the 

.   ni;(!ording  to  Davidson  in  his  Sil.  Siippl..  was 

;  (i«  I  had  nmny  donbis  at  to  its  real  KMierio 

;,.!    1-1   avail   myself  of  every  opporliinity  fur 

And  now,  afipr  the  lapse  of  nwirly  ten  yeara, 

;,ijrt-.>ssrul  efforts  to  prot-iire  suitable  s(iecimens, 

. .,  eiinldeil  fully  and  decisively  U)  reveal  the  loop  of 

ilierfby  conclusively  to  prove  that  it  cannot  possibly 
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i  Spiral.  (In  tbe  acootnpanying  sketch  tUe 
Id  tbeir  hook-shaped  attaohmenta  to  the  hin^e- 
iude<1  of  the  rest  of  the  Bpirals.  For  aiinilftr  figs, 
I  of  Wkitfiddia  lumtda  vide  Davidson,  Silurian 

_     ■;■) 

Poes  between  the  loop  of  tliis  species  and  that  of  Aihgria 

7  strongly  marked.     1.  Betweea  the  Kiinple  V-s)iaped 

Knent  of  llie  loop  and  the  bifurcation  there  is  in  Mhgrii 

a  no  roof-ehaped  expaneion  and  single  lamella  aa  in   rhe 

^thyrU.     2.  Tlie  uliort,  converging  processes  which  commenoe 

■  loop  in  Athyris  limiuicula  at  once  proceed  in  an  upward  direc- 

m  —  wherens  in  the  true  Alkyrii  they  proceed  first  in  a  slightlj 
'  downwnrd  direction  liet'ore  uniting  to  form  the  roof-ahaped  expan- 
sion. 3.  The  accesBory  lamella  ut  the  end  of  the  loop  in  Athi/ru 
lavitaeula  do  not  extend  beyond  the  posterior  border  of  the  spirals, 
and  are  not  prolonged  down  a  portion  of  the  dorsal  side  of  the 
spirals  as  in  the  true  Athyrii. 

I  may  mention  here  that  there  is  a  median  septum  supporting  the 
hin^-plate  in  the  dorsal  valve  of  Athyrii  laviiueala  similar  to  that 
which  is  found  in  Wliiljietdia  tumida.  This  median  septum  extends 
to  a  little  more  than  one-tliird  of  the  length  of  the  ahf  II,  and  is  in 
some  cases  visible  when  the  shell  is  transparent.  In  addition,  how* 
ever,  to  this  evidence  I  have  clearly  proved  the  existence  of  the 
median  septum  in  Athyrii  laeiuieula  by  rubbing  down  the  nmbo  of 
the  dorsal  valve  in  a  rather  large  specimen.  In  this  specimen  the 
shell  is  destitute  of  spirals  and  filled  with  a  light  earthy  matrix  in 
which  the  darker  coloured  median  septum  is  very  apparent.  When 
describing  MeriiUUa  IWhitfieldia']  tumida  in  his  Sil.  Mon.  p.  110, 
Davidson  refers  to  the  median  septum  of  its  dorsal  valve  as  being 
visible  through  tbe  transparent  shell,  and  in  his  Sil.  Suppt.  pL  iv. 
fig.  24,  be  represents  a  similar  appearance  in  Athyri$  Itsviuacuta, 
and  yet  be  makes  no  reference  to  the  meilian  septum  in  this  speeies, 
and  does  not  seem  to  have  been  aware  of  its  existence. 

Sowerby's  laviuteula,  aouording  to  Davidson,  has  had  a  remarkable 
history  so  far  as  the  generic  positions  assigned  to  it  are  ooacerned. 
After  variously  figuring  in  the  works  of  Sowerby,  Hall,  Bronn, 
De  Yerneuil,  D'Orbigny,  Salter,  Lindstrom  and  Davidson,  as  Tere- 
Irntula,  Atrypn.  RhynchontUa,  Merialella,  Meriitina,  ^airigera,  and 
Athyrii,  1  think  this  species  must  now  after  full  investigation  be 
finally  placed  under  Davidson's  more  recent  genus  of  Bifida — vide 
Davidson,  Devonian  Supplement,  pp.  27,  28. 

Both  in  Bifida  lepida  and  in  Sowerby's  Iteviueeida  the  simple 
V-shaped  oommenoement  of  the  loop  is  immediately  sncoeedod  by 
the  bifurcation  without  any  intervention  of  a  roof-sbaped  expansion 
and  single  lamella  as  in  Alhyrit,  or  of  a  single  lamella  as  in  Knyteria 
and  Whilfieldia,  Davidson,  in  his  Sil.  Suppl..  evidently  regarded  tbe 
spirals  and  their  connexions  as  the  principal  if  not  the  sole  ground 
for  the  determination  of  the  difi'erent  genera  of  the  spiral- bearing 
Braohiopoda.  Thus,  where  it  was  found  on  inveatifjatitin.  ttL«X.  <Jo<b 
ijnmla  and  loop  in  several  ditfereat  g^Q«T«i  *««!«  \u  «&  \tii^'«w.'gA> 
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he  was  eviilenlly  inclined  to  olaea  the  -whole  of 

one  generio  denomination,  despite  their  marked 

lexU^nial  differenueB.     In  bia  Sil.  Snp|>l.  p.  95,  he  e&j*: 

'ii  a  question  ftir  further  oiinBideration  whether  we  are 

lininfi!;  the  three  generic  denoniinalione  of  Nneleoipira, 

ritlina,  fur  slrellH  poBs^aaing   the  same  simple  loop." 

in   aj^reement   with    the   principles  of   claaBificatiOD 

ividmon  that   I   now  place  tlin  speoieB  which   Sowerb; 

KuJu  under  the  genus  Bifida,  of  which  Bifida  lepida  is 


t  Sil.  Suppl.  was  isRaed  in  two  portions  in  the 
■es  of  the  Pala^nlogmphioal  Society  for  1882  and  1883. 
I  the  ahove  article  1  have  found  in  the  Index  acoum- 
Itter  portion  of  the  Suppl.  that  Davidiion  nllimalcl}'  had 
ltd  AS  myiieir  as  tu  the  true  generic  position  of  litniit- 
Index  referred  to— Sil.  Suppl.  p.  233— Davidson  pal« 
rotation  to  the  generic  name  of  Alhgrit  as  ftppHfJ  to 
(  addn  concerning  Mkyrit, — "It  is  not  certain 
s  any  true  Brilisli  Silurian  species  of  the  genus." 

pTICES       OIF       MTEOiiOIIRS. 
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me  this  remarkable  zone,  I  was  stmok  with  the  singnlarly  unaltered 
character  of  these  shales,  and  agreed  with  him  that,  if  fossils  were  to 
be  looked  for  anywhere  among  those  ancient  rocks,  they  should  be 
found  here,  and  that  the  fossil  collector,  Mr.  Arthur  Macconochie, 
should  be  directed  to  search  the  locality  with  great  care.  The 
following  week  this  exhaustive  search  was  undertaken,  and  Mr. 
Macconochie  was  soon  rewarded  by  the  discovery  of  a  number  of 
fragmentary  fossils,  among  which  Mr.  B.  N.  Peach,  who  was  also 
stationed  in  the  district,  recognized  what  appeared  to  him  to  be  un- 
doubtedly portions  of  Olenellva,  The  importance  of  this  discovery 
being  obvious,  the  search  was  prosecuted  vigorously,  until  the  fossil- 
iferous  band  could  not  be  followed  further  without  quarrying  opera- 
tions, which  in  that  remote  and  sparsely  inhabited  region  could  not 
be  at  that  time  undertaken.  The  specimens  were  at  once  forwarded 
to  me,  and  were  placed  in  the  hands  of  Messrs.  Sharman  and  Newton, 
Palsaontologists  of  the  Geological  Survey,  who  confirmed  the  refer- 
ence to  Olenellus,  More  recently  Mr.  Peach  and  Mr.  Home,  in  a 
renewed  examination  of  the  ground,  have  found,  in  another  thin 
seam  of  black  shale  interleaved  in  the  '  Serpulite  grit,'  additional 
pieces  of  OlenelluSf  including  a  fine  head-shield  with  eyes  complete. 
There  may  be  more  than  one  species  of  this  Trilobite  in  these  Ross- 
shire  shales.  The  specific  determinations  and  descriptions  will 
shortly  be  given  by  Mr.  Peach. 

The  detection  of  Olenellus  among  the  rocks  of  the  North-west 
Highlands,  and  its  association  with  the  abundant  SaltereUa  of  the 
*  Serpulite  grit/  afford  valuable  materials  for  comparison  with  the 
oldest  Palssozoic  rocks  of  other  regions,  particularly  of  North 
America.  The  '  Fucoid  beds '  and  '  Serpulite  grit '  which  intervene 
between  the  quartzite  below  and  the  Durness  Limestone  above  are 
now  demonstrated  to  belong  to  the  lowest  part  of  the  Cambrian 
system.  The  quartzites  are  shown  to  form  the  arenaceous  base  of 
that  system,  while  the  Durness  Limestones  may  be  Middle  or  Upper 
Cambrian.  On  the  other  hand,  the  Torridon  Sandstone,  which 
Murchison  placed  in  the  Cambrian  series,  can  now  be  proved  to  be 
of  still  higher  antiquity.  The  marked  unconformability  which 
intervenes  between  it  and  the  overlying  quartzite  points  to  a  long 
interval  having  elapsed  between  the  deposition  of  the  two  discordant 
formations.  The  Torridon  Sandstone  must  therefore  be  pre-Cam- 
brian.  Among  the  8,000  or  10,000  feet  of  strata  in  this  group  of 
sandstones  and  conglomerates,  there  occur,  especially  towards  the 
base  and  the  top,  bands  of  grey  and  dark  shales,  so  little  altered 
that  they  may  be  confidently  expected  somewhere  to  yield  recogniz- 
able fossils.  Already  my  colleagues  have  detected  traces  of  annelids 
and  some  more  obscure  remains  of  other  organisms  in  these  strata. 
These,  the  oldest  relics  of  life  yet  known,  have  excited  a  vivid  desire 
in  the  Geological  Survey  to  discover  further  and  more  determinable 
fossils  associated  with  them  in  the  same  primeval  resting-place.  We 
shall  spare  no  pains  to  bring  to  light  all  that  can  be  recovered  ia 
the  North-west  Highlands  of  a  pre-Cambriaii  {axxtia* 
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usoN  BETWEEN  THE  RocKs  ot  SocTH  Pembrokeshike 
OF  NoETH  Devon.     By  Henby  Hicks,  M.D.,  F.K.S., 
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looessiun  from  the  Silurian  rocks  to  tbe  Carboniferous 
Tved  in  many  sections  in  Sonth  Pembrokeshire  offen, 
s  o[)inion.  the  key  to  the  true  interpretation  of  the 
!ie  rotkii  of  North  Devon,  for  there  cannot  bo  a  doobt 
Carboniferous  earth-inoveinenta  which  so  powerfully 
Ided  the  beds  in  North  Devon  extended  into  and  pro- 
leiitioal  results  in  Simth  Peinbrokeiihire.     In  the  latter 

the  Silurian  (Upper  Silurian  Survey)  is  esposed  at 
and  the  lower  lietis  repose  transgreasively  on  the 
a  even  on  eome  i)re -Cambrian  rocks.  Near  Johnston 
ade  the  cunfjlomerale  contains  numerous  pebbles  of 
and  Great  Hill  granite  as  well  as  of  other  igneoQi 
were  forniprly  supposed  to  have  been  intrusive  in 
'rom  the  Silurian  to  the  CarboniferouB  Iwds  there  doe« 
le  any  marked  breik  m  the  senes  moreover  all  thew 
led  togelber  and  Huftered  equally  by  the  movemenla 

tbe  area.  The  axLB  of  tbe  folds  strike  from  about 
H.E.  Tlie  uic^enients  therefore  at  this  lime  were  in 
lite  direcliim  to  those  whteb   affected   the   Ordovicinn 
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Although  there  are  in  the  distriot  many  Dorthern  erratics,  notahly 
a  large  boulder  of  granite  and  another  of  picrite,  which  the  author 
found  on  Porthlisky  farm,  two  miles  south-west  of  St  David's,  yet 
by  far  the  majority  are  of  local  origin,  and  can  be  traced  back  to 
the  parent  rocks.  The  great  igneous  masses  which  now  form  such 
eonspicuous  hills  along  the  north  coast  yielded  most  of  the  boulders, 
many  of  very  large  size,  which  are  so  freely  spread  over  the 
undulating  land  reaching  to  the  coast  of  St.  Bride's  Bay.  There  are 
dear  evidences  to  show  that  this  bay  was  itself  overspread  by  a 
great  thickness  of  drift  from  these  hills.  The  intervening  pre- 
glaeial  valleys  were  also  filled  by  this  drift,  and  the  plains  and 
rising  grounds  up  to  heights  of  between  300  and  400  feet  still 
retain  evidences  of  its  former  presence,  and  many  perched  blocks. 
Excellent  sections  of  unstratified  drift,  containing  large  ice-scratched 
boulders,  are  exposed  in  Whitesand  Bay,  and  a  thickness  of  several 
feet  of  an  irregularly  stratified  sand  was,  some  time  since,  exposed 
under  the  Boulder-clay  on  the  east  side  of  the  bay.  Chalk  flints 
have  been  found  at  heights  of  over  300  feet,  having  probably  been 
brought  from  Ireland.  The  picrite  boulder  already  referred  to  has 
been  shown  by  Prof.  Bonney  to  resemble  masses  of  that  rock 
exposed  in  Carnarvonshire  and  Anglesea,  and  the  granite  boulder, 
which  before  it  was  broken  must  have  been  over  7  feet  in  length 
and  3  to  4  feet  in  thickness,  is  identical  with  a  porphyritic  granite 
exposed  in  Anglesea,  but  not  found  anywhere  in  Pembrokeshire. 
The  evidences,  therefore,  which  go  to  prove  that  Pembrokeshire 
was  buried  under  an  ice-sheet  that  must  have  spread  southwards 
into  the  Bristol  Channel,  are,  the  presence  of  many  northern 
erratics,  both  as  perched  blocks  and  in  drifts  at  heights  above 
300  feet,  ice-scratched,  smoothed  and  polished  rock  surfaces,  and,  in 
places,  much  crushing  and  bending  of  some  of  the  strata;  also  great 
dispersions  of  boulders  from  igneous  rocks  on  the  north  coast  in 
a  south-west  direction,  and  some  well-marked  examples  of  'crag 
and  tail.' 

IV. — NOTKS  UPON  COLOBODUS,  A  GsNUS  OF  MeSOZOIO   FoSSIL  FiSHES. 

By  Montagu  Bbowmk,  F.Z.S.,  F.G.S. 

COLOBODUS  appears  to  have  been  first  constituted  a  genus  in 
the  year  1837  by  Louis  Agassiz  (see  '  Poissons  Fossiles,' 
Tome  IL,  ii^  partie,  p.  237),  who  gave  this  name  to  some  Lepidotus" 
like  teeth  (Colobodua  hogardi)  from  the  Muschelkalk,  which  he 
described  thus :  — "  Par  leur  taille  elles  tiennent  le  milieu  entre  les 
Microdon  et  les  Sphserodus.  De  formes  arrondies  et  cylindracees 
vers  la  base,  les  dents  ont  leur  oouronne  renflee  en  forme  de  massue, 
et  snr  le  milieu  de  la  couronne  s'el^ve  encore  un  petit  mammelon 
tronque,  ce  qui  a  valu  k  ce  genre  son  nom  de  Colobodui,** 

Since  that  time  teeth  of  a  similar  generic  character  have  been 
described    or    figured    by   various    authors,   e.g,f   Count    Munster 
(assuming  Aster odon  to  be  identical),  Plieninger,  Giebel,  Gkrvais^ 
Meyer,  Chop,  E.  E.  Sohmid,  Alberti,  EioV,  \t\TvV\«t,  Qi\«\^.^- 
Damea,  and  A.  S.  Woodward.    The  typical  tftftVYv,\xoH«v««— \a«'^^^ 


of  JHemoirs — S.  S.  Bachitan — Ammonite  Zone*. 

e  'nipple.'  or  Apical  tubercle,  is  preeetit  —  nuiat  be 
t  tbe  various  species  of  Colvbodua  an<l  Lepidotai  (of 
r7);   wliilst  jnterinediHle  forma,  or  those  from  which 
iB  bee«  parity  or  entirely  removed  by  wearing  or  by 
■a«ion,  must  be  soukIu  amongst  tbose  described  under 
lies  of  Lepidotns.  Spharodut.  Gyrodm,  '  Telragonolepit' 
id  of  Agrtsaiz  in  part),  ThohduM  and  Thdodiu.  Eaplei^ 
1  (not  cutting  teeth),  and  even  amongst  teeth  variously 
jurieMiyt  and  to  '  Sanrians.'  whilst  the  chisel -shaped, 
ry,  teeth  are  probably  those  attributed  to  Sargodon 

if  the  head  and  Inmk  and  scales  of  Colohodu*  have 
or  figured  by  H.  B.  Geinitz.  Meyer  and  Plieninger, 
,  Quonaiedl,  l-:ck,  Kner,  H.  Knnisch,  W.  Dames.  J, 
d  A.  S.  Woodwsrd,  and  must  be  sought  amongst  tlie 
t   awribed   to    Oyrolnpia   and    Amblypterut,   Lepidotns, 
,  Eugnathit,  PIfurolejns.  Jjaclijlolepit,  and  (riso  amongst 
Bcales  ('  G«noid8chuppen  '  and  '  FiBchsohuppen  '). 

j^iiized  as  such  in  Britain  by  any  authors,  or,  iibiive 
Ik  and  Leitenkohle,  abroad  '.  its  occurrence  and  reoog- 
■e.  in   (he  Rh»lio  of  Britain  is  interesting,  and  ilie 
t  typical  and  trnnailinnnl   teeth  which   he  found   nnd 
the  Rhmtic  '  boue-beds  '  of  Wachet  and   Aust  Cliff; 
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the  Sonninta  of  tlie  Conentfum-zone  are,  biologically,  of  an  earlier 
type  than  those  of  the  Sowerbyi-zone, 

Continental  authors  find  a  marked  stratigraphical  and  pa1»onto* 
logical  break  between  the  MurehiBoniS'  and  Sowerhyi-zonea ;  and 
they  wish  to  draw,  at  this  point,  a  dividing  line  between  Lias  and 
Oolite,  or  between  Toarcian  and  Bajocian.  It  is  suggested  that  the 
absence  of  the  Concavum-zone  is  the  cause  of  this  break;  and,  in 
former  papers  to  the  Geological  Society,  the  author,  in  supporting 
the  Continental  plan,  regarded  the  Coneapvm-zone  as  Toarcian. 

In  the  Bradford  Abbas  district  there  is  a  break  above  the 
Concavum-zone.  So  far  as  is  known  at  present,  Dundry  is  the  only 
locality  showing  a  complete  sequence  ;  but  some  years  ago  a 
quarry — Coombe,  near  Sherborne — was  open,  and  it  yielded  a  large 
series  of  Ammonites  indicating  a  fauna  agreeing  with  the  Sowerbyi" 
zone  as  illustrated  by  Continental  authors.  This  quarry  has  been 
closed  for  years;  and  nothing  is  known  as  to  how  the  strata  are 
situated  with  regard  to  the  Coneavum-zone  below,  or  with  superior 
horizons.  It  is  richer  than  Dundry,  and  is,  practically  speaking, 
unique  among  Inferior-Oolite  exposures.  It  is  the  only  locality  in 
England  which  yields  this  particular  fauna.  So  far  as  is  known, 
the  true  Sowerbyi-zone  is  absent  from  all  quarries  in  Dorset  and 
Somerset,  with  the  exception  of  Coombe  and  Dundry ;  and,  therefore, 
the  majority  of  exposures  in  the  district  fully  support  the  Continental 
geologists  in  their  contention  as  regards  a  dividing  line. 

Waagen  places  a  zone  of  Am,  Sauzei  above  the  Sowerbyt-zone ; 
and  an  horizon  with  this  species  and  with  a  particular  fauna  is  shown 
in  '  the  marl  with  green  grains '  at  Frogden  quarry,  near  Sherborne. 

Above  this  is  the  zone  of  Am,  Humphriesianua^  in  which  the  fauna 
Stephanoceras  and  Spheroeeras  predominate.  This  is  the  equivalent 
of  the  Coronaten-schichien  of  Quenstedt's  Brauner  Jura  ^,  The  upper 
part  of  the  Brauner  Jura  S  is  the  Bifurcaten-schichten ;  and  this 
corresponds  with  the  Qidomensis-heds  of  Frogden — an  horizon  which, 
containing  a  fauna  distinct  from  the  Humphriesianus-zonet  may 
therefore  be  known  as  the  Cadomenais-zone. 

The  strata  above  this  horizon  have  usually  been  called  the  '  Parkin" 
8ont-zone.'  There  are  several  objections  to  this  name ;  and  the  strata 
are  capable  of  more  subdivision. 

The  bed  at  Halfway  House  which  yields  the  large  Parkinsonia  is 
superior  to  the  Cadomensis-zone,  It  may  be  called  the  Trne//tt-zone. 
At  the  top  of  the  limestone  of  the  Broad- Windsor  district  Stephan. 
zigzag  and  species  of  Morphoceras  are  found ;  and  this  is  a  still 
higher  horizon  {Zigzag -zone).  Just  below  the  Fullers'  Earth  of 
this  same  district,  in  the  Fullers'  Earth  itself  of  Eype,  but  in  the 
upper  white  limestones  (about  25  feet  thick)  of  the  Bradford- Abbas 
district,  are  found  Oppelia  fusca  and  other  species  indicating  a  still 
higher  horizon.  It  is  suggested  that  the  white  limestone  of  the 
Brad  ford -Abbas  district  is  contemporaneous  with  the  so-called 
'Fullers'  Earth  clay'  of  Eype.  This  horizon  may  be  called  the  zone 
of  Ojjpelia  fusca ;  and  whether  ihia  lotie  \iAoxi^^  \a  'Ccw^  ^OLVersax 
Oolite  or  to  the  Fullers'  Earth  depends  on  N«\x<ks\£«t  >^<^<^'«»XN<st\i!5 
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limestones  of  the  Bradford- Abbas  district  or  the  chy 

■aenih-ione.     To  this  idea  the  presence  of  ParkiHtoaia 
gives  considerable  support. 

!!o»TiNtriTT  OF  Ta«  Kki-lawavs  Beds  ovbr  kxtmdid 
i.  Bedford,  4nd  on  thb  Extrssion  of  the  Fclirm' 

on  of  the  Director-General  of  the  Geological  Survey.] 
pr  further  evidence  is  submitted  from  different  i»rta 
untry  of  the  continuity  over  extended  areas  of  the 
;k  above  the  Lower  Oifoni  Clay.     Several  fine  ex- 
result  of  railway  enterprise,  have  afforded  section* 
1  places  where  Iheir  presence  was  only  inferred  before. 
isual  thickness  is  indicated  by  records  recently  obtained 
lings  and  borings  in  the  Midland  districts,  especially 
)oring  of  1886-7. 

dinary   concretinnary  stones  noticed   in  Wiltshire  by 
clorizing  this  formation,  and  quarried  awav  years  ago 
ur  toiul-stoTie,  jut  out  in  the  Valley  of  the  Chum,  near 
il  t-ldii.l  iil.o.it  in  clusters  in  the  Valley  of  the  Ouce  at 
ipiujri,/  (lii.^'i.     The  plane  of  separation  of  the  Upper 
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Both  specimens  were  disoovered  by  JohD  Jelly,  Esq.,  of  Shelburne. 
The  following  measurements  are  given  for  comparison : — 

Newbnrg  Highgate 

Jumbo.  Mastodon.^         Mastodoxu 

Longest  rib    44  inohas   ...        64j^        ...        65^ 

Humerus        36    „         ...        39  ...        40 

A&QIUS      ...      ...      ...      ...      -—      I,  ...  £9  ...  84 

Femur     42    „         ...        39  ...        47J 

I  IDia  ...       ...       ...       ...      ^-~      yi  ...  Ao  ...  £v 

Tusk       —    ,,        ...       104  ...        92  not  complete. 

Third  spinous  process    ...     15    ,,         ...        23}        ...        23f 

The  bones  obtained  of  the  Mammoth  are  not  so  numerous,  the 
chief  being  thirty-one  ribs,  one  50  inches  in  length  and  11  in  cir- 
cumference ;  several  vertebras,  some  14^  inches  across ;  a  massive 
tusk  12§  feet  with  a  portion  broken  off;  and  a  tooth  weighing 
16|  lbs.  The  writer  also  refers  to  remains  of  Proboscoidea  found  at 
other  points  in  Ontario,  viz.  St.  Catherine's  Dunville,  Goat  Island, 
Niagara  Falls,  and  Eimbal,  near  the  western  side  of  the  Province. 

VIII. — The   Causk  op   Monoolinal  Flibxubb.     By  A.  J.  Jukbs- 

Brownk,  F.G.S. 

FOLDS  of  the  ordinary  arch  and  trough  type  are  generally  ascribed 
to  the  influence  of  lateral  pressure ;  but  it  is  not  easy  to  see 
how  a  monoclinal  flexure  which  appears  in  section  as  a  flexure 
connecting  two  horizontal  bars  of  strata  can  have  been  produced  by 
direct  lateral  pressure  exerted  at  the  ends  of  the  bars. 

The  author  suggests  that  monoclinal  flexuring  is  a  structure 
impressed  upon  a  horizontal  series  of  uncompressed  strata  by  the 
displacement  of  a  subjacent  mass  of  faulted  and  flexured  rocks,  the 
lateral  compression  of  the  deep-seated  mass  resulting  in  the  vertical 
uplift  of  certain  portions  of  the  'cover.'  If  a  series  of  stratified 
rocks  rests  in  a  horizontal  position  on  a  mass  of  ancient  rock,  which 
has  been  compressed,  indurated,  flexured,  and  faulted  before  the 
deposition  of  the  upper  senes,  it  is  supposed  that  the  lower  series  of 
rocks  would  give  way  under  lateral  pressure  along  the  pre-existing 
faults,  and  that  the  blocks  which  lie  between  upward  diverging 
faults  would  be  forced  to  move  upwards,  carrying  with  them  those 
tracts  of  the  '  cover '  which  rest  on  them.  It  is  evident  that  these 
tracts  would  be  divided  from  those  resting  on  blocks  defined  by 
downward  diverging  faults  by  faults  or  monoclinal  flexures,  the 
production  of  a  fracture  or  a  flexure  depending  partly  on  the  thick- 
ness and  pliability  of  the  strata  forming  the  cover,  and  partly  on 
the  amount  of  local  uplift  It  is  conceivable  that  the  displacement 
might  take  place  partly  by  faulting  and  partly  by  flexuring,  and 
that  what  was  a  fault  near  the  plane  of  unconformity  might  pass 
upward  into  a  flexure. 

The  writer  desires  criticism  on  the  above  suggestion,  especially 
from  those  who  will  have  a  chance  of  seeing  the  grand  monoclinal 
flexures  of  the  Colorado  region  during  the  excursion  of  the  approach- 
ing International  Geological  Congress. 

*  The  Newburg  Mastodon  is  one  of  the  finest  evei  dABCONet^VoL  K.xassnR»»-   '^^ 
bones  are  in  a  most  exceiieut  state  of  preserratioii,  aad  %u!^d«QN»\MKH^  \s««tt.  ^Xms^s^ 
to  enable  the  akeleton  to  be  set  up. 
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IE  Ohigis  of  PsTaoLKUM.     By  0.  C.  D.  Ross. 

the  inyBlery  Burroundiog  the  origin  of  peirolean. 
city  of  indicHtioni  where  to  seek  for  it,  practical  men 
r  dislniBt  the  permnQenoe  of  tho  supply,  and  lieaitaU 
mniiy  uneful  purposes  ;  while  the  object  of  (his  paper 
wny  of  resolving  the  mystery  which  is  calcnlaldd  lo 
(listniHt.     The    theories   snggeat«d    bv  Reioh'-nbaeh, 
idelejeff.  VirWt,  Veraeuii.  Peckhain,  and  others,  whicb 
cribed,  make  no  attempt  to  account  for  the  exceeding 

id  are  all  founded  on  some  hypothetical  process  which 

ny  with  which  we  are  acquainted ;  hot  modem  geo- 

■eed  that  (as  a  rule)  the  records  of  the  earth's  history 

in  aocordnnce  with  those  laws  of  Katnre  which  con- 

at  the  present  day.     E.g..  the  decomposition  of  fish 

'  produce  pamffin  oil ;  hence  we  can  hardly  believe  it 

knds,  or  millions,  of  years  ago,  so  long  aa  it  can  be 

ly  of  the  oniionry  processes  of  Nature  are  calculated 

Tiie    chief  characteriHticH   of  petndeum    strata   at« 

:    1.  The   existence   of  adjoiniug  beds   of   limestone, 

II.  Volcanic   action    in   olose   proximity  ;    III,  The 

It  water  in   the  wells;  IV.  The  great   extent  of  tlia 

oil,    indicating    aubterratiean    receptaclea    of    vast 
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strata  is  next  dealt  with,  and  extracts  in  proof  thereof  are  given 
from  several  writers.  In  illustration  of  volcanic  action  on  carbonate 
of  lime,  a  sulphur  mine  in  Spain,  within  a  short  distance  of  an 
extinct  volcano  (with  which  the  author  is  well  acquainted),  is 
mentioned.  That  petroleum  is  not  far  off  is  indicated  by  a  perpetual 
gas  flame  in  a  neighbouring  chapel  and  other  symptoms ;  and,  these 
circumstances  having  attracted  his  attention,  he  observed  that  Dr. 
Christoph  Bishop  records  in  his  writings  that  he  had  produced 
sulphur  in  his  own  laboratory  by  passing  hot  volcanic  gases  through 
chalk,  which  fact  further  led  the  author  to  remark  that,  in  addition 
to  sulphur,  ethylene,  and  all  its  homplogues  (CnH,^),  which  are  the 
oils  predominating  at  Baku,  would  be  produced  by  treating — 

2,  3,  4,    6 eqaiy.  of  limestone  (carbonate  of  lime]  with 

2,  3,  4,    6 equiy.  of  sulphuroiu  acid  (SO')  and 

4,  6,  3,  10 equiv.  of  sulphuretted  hydrogen  (H'S) ; 

and  that  marsh  g<M  and  its  homologues,'  which  are  the  oils  pre- 
dominating in  Pennsylvania,  would  be  produced  by  treating — 

1,  2,  3,  4,    6 equiv.  of  carbonate  of  lime,  with 

1,  2,  3,  4,    6 equiv.  of  sulphurous  acid,  and 

3,  5,  7,  9,  11 equiy.  of  sulphuretted  hydrogen. 

Thus,  we  find  that 

Carbonate  of  lime  2Ca'C0>  )  (  2(Ca*80*.H»0)  (gypsum) 

Sulphurous  acid  280*         [     yield     I         48  (sulphur) 

and  sulphuretted  hydrogen  4H'S         )  (     C^H*,  which  is  ethylene, 

and 

Gaibonate  of  lime  Ca'CO* )                 (  Ca'SO*.HH)       (gypmm) 

Sulphurous  acid  SO'    |  yield     |       38                  (sulphur) 

and  sulphuretted  hydrogen  3H'S      ;                  (  CH*,  which  is  marth  gaa. 

These  and  all  their  homologues  would  be  produced  in  nature  by  the 

action  of  volcanic  gases  on  limestone. 

But  much  the  most  abundant  of  the  volcanic  gases  appear  (at  any 

rate  at  the  surface)  as  steam,  and  petroleum  appears  to  have  been 

more  asually  produced  without  sulphurous  acid  and  with  part  of 

the  sulphuretted  hydrogen  H'S  replaced  by  HK)  (steam),  or  EK)' 

(peroxide  of  hydrogen),  which  is  the  product  that  results  from  the 

combination  of  sulphuretted  hydrogen  and  sulphurous  acid  (H'S+SO' 

=HK)*+28).     llius 

Ca»CO>  \  i  Ca«80*.H»0  (gypsum) 

H'S       }     yield     {         and 
2H*0    )  [CR^^fMnhgae 

and 

2Ca'C0» )  (  2Ca»80*.H»0  (gypsum) 

2H'8       }  yield     {         and 

2H»0*     )  (  C»H*,  or  ethylene. 

Four  tables  are  given  at  the  end  of  the  paper,  showing  the 
formulsd  for  the  homologues  of  ethylene  and  marsh  gas  resulting 
from  the  increase  in  regular  gradation  of  the  same  constituents. 

It  is  explained   that  these  effects  must  have  occurred,  not  at 
periods  of  acute  volcanic  eruptions,  but  in  conditions  which  may  be 
and  have  been  observed  at  the  present  time  vi\i«t«N«t  NJckWt^  «t^ 
aotire  solfataraa,  or  fumaroles,  at  work.    "D^aoxv^XXotv^  ^^  ^^  ^RiOvssv^ 
of  MoJfaUiaa  by  the  late  Sir  Bichard  Burton  andL  «bl^rv\I\s3ia.^^'«5«^  Sa. 
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iole<i.  aUo  a  paragraph  from  Lyell'e  "  Principlei  of 
rhich  he  says  that  the  mud -vol  canoe  b  at  Girgeoti,  in 
nestone  foniialion,  "are  known  to  have  been  casting 
ed  with  mill!  and  hitamen,  with  ihe  same  activiiy  for 
I  oenturiea."     Trobably  at  all  these  solfataras.  if  the 
limcBlone,  freeh  deposita   of  oil-bearing   strata  are 
and  how  much  way  there  not  have  been  prodoced 
senturiea ! 

y  also  be  an  indication  of  oil-bearing  strata,  for  the 
limestone  of  sulplmric  for  carbonic  acid  can  only 
for  by  the  action  of  these  sulphurous  gitste.      The 
gypsum  ill  the  United  KJngilum  indicates  that  large 
traltuni  are  probably  stored  in  places  where  it  has 
1  sought  for.     GypHUm  is  ftiinid  exteiiBively  in  the 
■icts  of  the  United  States,  and  it  underlies  the  rock- 
ddtesboro'  (N.E.  Yorkshire),  where,  on  being  pierced, 
ssage  to  oil-gas.  which  issues  abundantly  mixed  with 
5r  great  pressure  from  a  great  depth, 
—Besides  the  space  occupied  by  '  natural  gas.'  17.000 
s  of  petroleum  have  been  raised  in   America  since 
quantiiy  must  hiive  occupied  100,000,000  cubic  yards; 
to  a  subterranean  cavern    100  yards  wide  by  twenty 
ighly-two  miles  in  length,  and  it  is  suggested  that 
IS  sandstone'  could  hardly  find  room  for  so  much; 
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Few  cases  are  known  in  which  petroleum  occurs  in  rocks  older 
than  the  Silurian,  and  none  where  the  amount  is  of  any  importance. 

Petroleum  occurs,  hut  not  in  large  quantity,  in  a  trachyte-hreccia 
at  Taranaki,  New  Zealand.  In  N.W.  Hungary  it  is  found  in  a 
trachytic  tuff  of  Miocene  age.  These,  however,  are  exceptional 
cases ;  not  only  is  petroleum  not  found  in  volcanic  rocks,  hut  in  the 
great  majority  of  cases  it  is  far  removed  from  any  known  indications 
of  true  volcanic  action. 

The  great  stores  of  petroleum  and  gas  in  Pennsylvania  and  New 
York  are  in  sandstone  beds  of  the  Devonian  and  Lower  Carbonifer- 
ous rocks.  Of  late  years  great  quantities  of  gas  and  oil  have  been 
obtained,  chiefly  in  Ohio  and  Indiana,  from  the  Trenton  Limestone 
(Ordovician). 

The  oil-  and  gas-fields  of  Pennsylvania  and  New  York  have  a 
very  simple  geological  structure.  The  rocks  lie  comparatively  un- 
disturbed, being  only  gently  folded  into  a  series  of  anticlinals  and 
synclinals  parallel  with,  and  along  the  N.W.  side  of,  the  mnin  axes 
of  the  Alleghanies.  These  folds  have  themselves  a  gentle  inclination 
towards  the  S.W.  In  the  Alleghanies,  and  to  the  S.£.  of  the  range, 
where  the  rocks  are  greatly  disturbed,  neither  oil  nor  gas  is  found. 
Some  of  the  larger  gas  wells  are  on  or  near  the  summits  of  anti- 
clinals, but  many  are  not  so  placed.  In  the  Trenton  Limestone 
fields  of  Ohio  and  Indiana  the  productive  areas  are  mainly  over  anti* 
clinals,  gas  oocurriiig  at  the  crown  of  the  arch,  oil  on  the  slopes. 

The  essential  conditions  for  a  largely  productive  field  of  gas  or 
oil  are — a  porous  reservoir  (generally  sandstone  or  limestone)  in 
which  the  hydrocarbons  can  be  stored,  and  an  impervious  cover  of 
shale  retaining  them  in  the  reservoir.  It  is  also  believed  that  they 
only  occur  where,  in  or  under  the  porous  reservoir,  there  have  been 
accumulations  of  fossil  remains,  the  original  decomposition  of  which 
yielded  the  hydrocarbons.  In  the  case  of  the  sandstones  the  original 
source  was  probably  the  fossiliferous  shales  which  underlie  them ; 
in  the  case  of  the  Trenton  Limestone  the  source  was  probably  the 
fossiliferous  limestone  itself.  The  limestone  is  only  productive 
under  certain  circumstances ;  in  its  normal  copdition  it  is  a  compact 
rocky  and  then  it  contains  neither  gas  nor  oil.  But  over  large  areas 
the  limestone  has  been  dolomitized,  and  so  transformed  into  a 
cavemons  and  porous  rock  in  which  gi^  and  oil  are  stored. '  The 
enormous  quantities  of  gas  and  oil  given)but  from  beds  of  limestone 
and  sandstone  can  be  fully  accounted  for  when  their  porous  nature, 
thickness,  and  extent  are  taken  into  consideration.  Some  of  these 
rocks  can  contain  from  iVth  to  ith  of  their  bulk  of  oil. 

The  high  pressure  under  which  gas  and  oil  flow  from  deep  borings 
can  in  roost  cases  be  fully  explained  by  artesian  pressure. 

In  Kansas  gas  occurs  mainly  in  the  Lower  Coal-measures.  In 
Kentucky  and  Tennessee  oil  is  found  in  the  Ohio  shales  (Upper 
Devonian),  in  Colorado  in  shales  of  Cretaceous  age.  In  California 
it  is  found  in  Tertiary  strata,  mostly  much  disturbed. 

In  Canada  the  chief  source,  in  OntarAO,  \^  m  "^^^oxivwi  T^y3«LA^ 
along  a  well-marked  anticlinal ;  but  gas  and  o\\  «i2^  oc^>xc  v^  '*^^ 


;e*  of  Memoin—  W.  Toplfj—On  Petro/eifm. 

stone.     In  the  North-WMt  Tarritoriea  then,  seem  to 
1  of  oii  in  Devonian  locka.     Gaa  and  oil  now  found  in 
rftia   of    the    prairies   and    Athabasca   may   bare  b«ai 
underlying    Devonian    mcks;   but    in    the    Bockj 
Crow's  Neat   Pass,  oil   is  probably  BatiTe   to  ^i« 
da. 

the  West  Indies,  and  parts  of  Sooth  America.  TeHiaiy 
l>e  Ihe  chief  source  of  oil.     The  age  of  (he  petroleom- 
'iliferoue  sands,  etc..  of  the  Ai^ntine  Republic  {pro- 
)  in  not  certainly  known  ;  they  have  been  referred  by 
ni  to  various  Bgea  from  Silurian  to  Tertiaiy  ;  they  an 
■Cretaceous.       In    Eiiro)ie   and    Asia   the    petroleum- 
are  of  Secondary  or  Tertiary  age,  the  Paleozoic  rocki 
an  insignificani  supply. 

eat  GennEiny  we  6nd  petroleum  in  the  Eeuper  BeitB. 
\n»  in  other  strata  up  to  and  including  tb«  Gault.     Aa 
e  south   and  south-east   from   this  district  we  find,  si 
e,  that  oii  oocura  in  newer  strata.     The  various  pro- 
[iB  of  different  districta  are  as  follows; — 
nh-«BSt  Gemany       Eeuper  to  Gsoh. 

-r'""  1 '"-- 

HM          UliiTOCetie. 

■  nria      Lower  Ttrtiarj  (Pljsch). 
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Summary, — The  main  points  to  be  considered  in  respect  of  the 
geological  conditions  under  which  petroleum  and  gas  occur  seem  to 
be  as  follows : — 

1.  The  J  occur  in  rocks  of  all  geological  ages,  from  Silurian 
upwards.  The  most  productive  areas  are  Paladozoic  in  North 
America,  Miocene  in  the  Caucasus. 

2.  There  is  no  relation  to  volcanic  action. 

3.  The  most  productive  areas  for  oil  in  great  quantity  are  where 
the  strata  are  comparatively  undisturbed.  Oil,  but  in  less  abund- 
ance, frequently  occurs  when  the  strata  are  highly  disturbed  and 
contorted,  but  gas  is  rarely  so  found. 

4.  The  main  requisites  for  a  productive  oil-  or  gas-field  are  a 
porous  reservoir  (saudstone  or  limestone)  and  an  impervious  cover. 

5.  Both  in  comparatively  undisturbed  and  in  highly  disturbed 
areas,  an  anticlinal  structure  often  favours  the  accumulation  of  oil 
and  gas  in  the  domes  of  the  arches. 

6.  Brine  is  an  almost  universal  accompaniment  of  oil  and  gas. 

XI. — ^VULCANICITY    IN     LoWBB     DEVONIAN     RoOKS.       ThB     PrAWUB 

Pboblbh.     By  W.  A.  E.  Ussubb,  F.G.S.     [Communicated  by 
permission  of  the  Director-General  of  the  Geological  Survey.] 

IN  the  area  extending  south  from  the  Middle  Devonian  volcanic 
series  of  Ashprington  to  the  Prawle  there  appears  to  be  no 
proof  of  the  occurrence  of  strata  older  than  Lower  Devonian.  There 
is  no  adequate  reason  for  assuming  that  Lower  Devonian  rocks  as 
old  as  the  Gedinnian  occur  on  the  surface,  and  there  is  no  certainty 
that  the  lowest  beds  are  older  than  the  Lower  Coblenzian. 

The  occurrence  of  local  volcanic  action  in  Lower  Devonian  time 
is  proved  by  a  series  of  diabases  and  tuffs  near  Dartmouth,  in  the 
Kings  wear  Promontory,  near  Stoke  Fleming,  and  in  ihe  line  of 
country  west  from  Torcross. 

Ill  ansociation  with  the  northern  chloritic  band  (running  from  the 
mouth  of  the  valley  on  the  north  of  Hull  Sands  on  the  east  to  Hope 
on  the  west)  we  find  volcanic  materials  identical  in  character  with 
varieties  of  volcanic  rocks  associated  with  the  Devonian  slates  in  the 
line  of  country  west  from  Torcross ;  and  here  and  there  in  the  line 
of  country  west  from  Torcross  the  volcanic  rocks  assume  a  more  or 
less  pronounced  chloritic  aspect.  The  junction  of  the  slates  on  the 
north  with  the  northern  chloritic  band  is  a  strictly  normal  one,  the 
chloritic  rocks  being  almost  invariably  separated  from  the  slates  by 
brown  volcanic  materials  which  are  everywhere  succeeded  by  the 
same  type  of  Devonian  slate,  and  in  the  Southpool  Creek  and  many 
other  sections  are  found  to  pass  insensibly  into  the  chloritic  type. 
In  the  Southpool  Creek  section  a  hard  bluish  diabase  (?aphanite) 
occurs  in  the  chloritic  band.  In  the  southern  chloritic  districts  of 
the  Prawle  the  volcanic  rocks  may  still  be  here  and  there  detected 
by  texture  or  colour.  Volcanic  rocks  occur  in  the  mica  schists  of 
the  Start  coast,  and  can  be  detected  even  when  only  a  few  inches  in 
thickness.  At  Spirit-of-the-Ocean  Cove  chloritic  rock  with  much 
calcspar  occurs  in  association  with.  tu&  aa^  ^  ^^^  ii^y;^  V>^ 
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ion,  pieBenling  n  slightly  gneissoid  appearance,  tod 
luch  sLeared  (iinbaso.      The  anBoeiHlion  of  the  chlorilic 

mica  sohisls  is  i.f  as  iolimale  a  oalure  aa  that  of  ibe 
-iala  with   the  nn.-iKen-d  slates  to  the  north.     Tnm 

Beems  evident  that  the  chloHlic  Beries  ia  nothing 
)«votiian  volcanic  group,  of  wliich  the  Torcross,  Stoks 
month,  atid  Eingiwear  coast  ttifls  and  ()ial>ases  wers 
offalioutB  or  evidences  of  more  or  leas  ooatempunneMit 

vident  crinkling  of  the  mica  schiets  in  contact  irilb 
'oup  Beerus  to  be  due  to  their  coni]>araltve  Hoftness  and 
r  daring  the  crumpling  and  contraclioD  to  which  both 

ighjy  altered  rocks  may  be  eipUined  hy  the  lessening 
receding  from  ihe  harder  masses  of  ancient  rockd, 

the  beds  were  jammeii),  being  coincident  with  tha 
)f  Ihe  volcanic  niaifriale  northward,  and  furthenoora 
the  Bofi  character  of  the  grey  slates  with  limoaitio 
vhich  everywhere  hound  the  northern  chloritic  band 

It  is  not  tha  author's  present  purpose  to  enter  more 
to  the  Btratigraphy  of  tine  interesting  region,  which  ii 
phly  worked  out.    It  only  remsins  to  acknowledge  tha 

Mr.  Somervuil  to  the  suggestion  of  the  identity  of  the 
a^es  with  the  chloritic  rocks.' 
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aortb  to  south  direction.     The  clay  was  found  to  rest  upon  a 
jit  of  the  nature  of  river  gravel. 

e  writer  is  of  opinion  that  the  olay  is  redistributed  Boulder- 
from  the  adjoining  heights,  and  that  the  boulders  were  brought 
L  at  the  same  time  from  the  line  of  outcrop  of  the  grit. 
)  is  led  to  this  conclusion  by  the  local  character  of  the  boulders, 
I  most  total  absence  of  foreigners,  and  the  character  of  the  clay. 
le  red  and  brown  colour  of  the  latter  at  its  base  seems  to  show 
oxidation  of  the  contained  iron  has  proceeded  for  a  longer  time 
in  the  case  of  the  uppermost  clay.  This  would  be  expected  if 
3lay  was  redistributed,  for  the  basement  mass  of  clay  must 
been  the  superficial  clay  of  the  heights.  The  enclosed  sand 
d  also  indicate  the  oomplete  disintegration  of  boulders  of  grit- 
S  eta,  whilst  the  clay  was  in  its  primary  position, 
le  amount  of  disintegration  which  has  taken  place  since  redis- 
tion  is  marked  by  the  crumbling  surface  of  the  large  boulders, 
le  general  direction  of  the  boulders  may  be  explained  by  noticing 
the  river  flows  from  north  to  south. 


I^  E  V  I  S  "W"  S. 

PiMBAL    FONTANVLLV   OF   PlAOODERM    AMD    CaTFISH.      By   BaBH- 

it>BD  Dean,  A.M.,  Ph.D.  Nineteenth  Report  of  the  C!om- 
nissioners  of  Fisheries  of  the  State  of  New  York,  pp.  307-363, 
>ls.  i.-xiv.     (Albany,  1891.) 

R.  DEAN,  as  assistant  to  Prof.  Newberry,  of  Columbia  College, 
New  York,  has  had  the  privilege  of  studying  the  fine  skulls 
inichthya  described  by  the  Professor.  He  has  directed  attention 
3  especially  to  the  pineal  region  of  the  cranial  shield,  and  now 
npts  to  show,  from  a  study  of  the  pineal  foramen  in  the 
roids,  that  the  well-known  foramen  in  DinickthyB  and  its  allies 
b  have  been  the  seat  of  a  median  eye.  The  aperture  is  remark- 
minute,  and  after  a  detailed  description  of  the  surrounding 
),  Dr.  Dean  remarks  that  tbis  foramen  "becomes  naturally  the 
ole  of  the  camera  to  produce  an  inverted  image  upon  the  retina, 
ndition  almost  unparalleled  for  primitive  simplicity,  obviating 
;  does  a  diaphragm  (iris),  as  well  as  the  specialized  humours, 
lous,  crystalline,  and  vitreous.  Moreover,  it  will  at  once  be 
to  do  away  as  well  with  all  devices  for  accommodation,  since 
focal  distance  would  be  practically  the  same  for  a  point  at  any 
n  distance."  The  author*s  numerous  dissections  of  the  soft 
s  of  the  Siluroid  head  afford  material  for  a  valuable  series  of 
s  and  figures ;  and  it  seems  to  be  demonstrated  that  the  pineal 
exists  in  a  very  degenerate  condition.  At  the  same  time,  we 
to  recognize  in  the  new  memoir  any  additional  evidence  in 
ur  of  the  supposed  genetic  connexion  between  the  Coccostean 
«  and  modem  Siluroids.  Dr.  Dean's  researches  merely  result 
he  plausible  explanation  of  a  feature  in  the  cranial  roof  of 
chihys,  bj  reference  to  a  nearly  ausXo^oxiA  ^XxMcXwwk  \w  \sa:^ 
ing  type  of  ^sh.  K.^-"^  * 

ECADE   III.  — VOL.  VIII. ^NO.  XI.  ^'^ 


d«M^pttiMi   of   ■  wriea  of  JKnave  and   Piiriiaiii 
6-*.  I+-I8,  pL  nix.  fig.  3.  pL  mxx.  %«.  *-5.  »-M), 
reen.  Dear  Tlaxiaoo.     Tlw  b«w  gmw  aad  aBMirv 

cnUr  ApfwraiDB  are  esieruIU  KsJptmnnl.   and  iki 
fi«d.  bioonosve  ;  And  the  kaIm  an  rbomboiiU.  mmjt 
,   of   the  Engliifa   Ctulk.   pnMoU   aerenJ    Mrikng 

-  of  a  o'matmM.     Th*  rertebne  n  lUa  fiah  an  od*- 

tix'  ocmtribaiion  w  of  gn«t  inleiMt  ■•  nAi^m^  to  a 
il  in  th^  CretaDeoua  of  Ennvpp.  IttdiA.  Mexioo,  Bnal, 

■o   matij  facta   are  known  aa  almoat   to  jostiry  an 
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Krst  list  should  be  of  much  value  to  the  local  collector,  the  secoud 
ftfifords  matter  for  thought  to  the  stratigraphical  geologist.  Care 
appears  to  have  been  taken  in  determining  the  species,  and  the 
Dames  are  commendably  up  to  date;  it  would  appear  that  many 
Dew  forms  need  description. 

The  public  spirit  shown  in  the  printing  of  these  lists  deserves 
support  at  the  hands  of  all  interested  in  Cretaceous  Geology.  Since 
it  must  be  some  years  before  a  fresh  edition  can  be  brought  out, 
Mr.  Griffith  proposes  to  issue  a  supplementary  sheet  from  time 
to  time.  F.  A.  B. 

IV. — L'EvoLunoN  des  Formes  Anihalrs  avant  l* Apparition  de 
l'Homme.  Par  F.  Priem.  8vo.  pp.  384  and  175  Figures.  Biblio- 
th^ue  scieutifique  contemporaine.  (J.  B.  Bailli&re  et  Fils, 
Paris,  1891.)     3fr. 

DID  there  exist  a  class  of  people  perfectly  familiar  with  the  most 
technical  terms  of  modem  science,  and  deeply  interested  in  its 
Diost  abstruse  problems,  yet  at  the  same  time  absolutely  ignorant  of 
all  its  conclusions,  then  we  ooold  understand  the  commercial  value 
of  books  like  the  present.  As  for  its  educational  worth,  a  book 
that  compresses  the  history  of ''  all  the  animal  forms  discovered  in 
^logical  strata"  into  *S63  small  pages  of  large  leaded  type,  and 
that  enters  therewith  into  such  details  as  the  description  of  the 
Bpines  of  a  single  species  of  Oidaris,  may  amuse  the  palaeontologist, 
but  can  hardly  instruct  the  student. 

We  do  not  wish  to  be  hard  on  Professor  Priem ;  he  has  done  his 
hack-work  no  worse  than  this  sort  of  thing  is  usually  done.  While 
abstaining  from  rash  speculation  on  his  own  account,  he  has  given, 
as  a  rule,  the  views  of  the  most  recent  writers,  among  whom  he 
has  naturally  gleaned  much  from  Neumayr,  and  to  a  commendable 
absence  of  dogmatic  statement  he  joins  much  fairness  in  stating  the 
views  of  those  with  whom  he  does  not  agree.  For  example,  while 
the  history  of  the  Cephalopoda  is  far  sounder  than  that  given  in 
most  text-books,  the  views  of  Munier-Chalmas  on  Spiriday  and 
Steinroann  on  Argonauta,  though  not  accepted,  are  given  considerable 
(some  would  say  too  much)  prominence. 

It  is  the  easiest  thing  in  the  world  to  pick  holes  in  patch-work, 
but  the  occupation  is  somewhat  unprofitable.  Here,  however,  are 
I  few  weak  places  for  the  author's  consideration.  Olobigerina  ooze 
is  not  found  at  a  greater  depth  than  4000  metres,  because,  suggests 
m.  Priem,  the  high  pressure  of  the  water  breaks  these  fragile 
ihells.  The  tentacles  of  Echinoderms  are  not  called  **  ambulacra." 
The  Echinoderm  skin  is  hardly  **  incrustree  [»ic]  de  calcaire." 
The  '*  dorsocentral "  of  a  crinoid  is  not  the  same  as  either  the 
*  centrodorsal "  or  the  mythical  "  orocentral."  The  larva  of  Antedon 
resembles  many  genera  rather  than  Pentacrinus.  If  the  Neritidaa 
ire  descended  from  the  Trochidae,  how  does  M.  Priem  explain  the 
X)tal  difference  in  their  i-adulee  ?  Helix  owns  a  more  revoLQl/^ 
mtigiiitj  than  the  Lower  Eocene ;  it  baa  be^ii  ioxMcA  m  >i5ttft  Q^w^^X^ 
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enrth  induced  tlio  flulhnr  to  pen  tbis  seiit«tloe  :  "U    \ 
ambrea  chest  les  Orthocerat  esl  invariable"? 
ers  bnve  secured  nunierouB  iUuBtrationa.   the  belitt 
)rmted  from  Prureasor  Oaudry's  "  EiicbsInemeiiUdii 
."recently  reviewed  in  these  pag«s.    But  we  rc^^to 
the  earioatiire  of  lehtksocriniu  pin/ormig,  thst,  ania 

s  of  growth  like  those  drawn  in  fig,  82  ;  tbe  engraver 
wn  tbe  Bbell.    Fig.  U)6,  a  worse  copy  of  a  ba<l  ongioid 
«   de    PttleonL'   pL   liii.   fig.   6)   Lardly    repreeenU  lb 
f  Amaltlifiti  margarilnlug.     The  lirnwings  of  CofeeiUu, 
and  Meyalheriiim  are  more  than  old,  tbey  are  teuik; 
ed  that  thtir  errors  will  soon  paa«  to  tbe  land  whm 
forgotten. 

seems  to  have  placed  the  blocks  at  bis  own  sweet 
aBteropod  and  Cephajopod  sbella  are  placed  with  ih* 
Is,  utbera  with  it  downwards,  while  even  a  skoll  of 
g.  149)  is  topsy-turvy.     And  here  is  a  little  sum  for 
y  volume  of  tbe  ■  Biblioth&jUe  scientifique   conWm- 

ns    many  misprints  as    the   present  one,  bow  manj 
bey  amount  to  ?                                                 F.  A.  B. 
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YI. — The  Ancestral  Horse. 

Notice  bub  VHiPPABioN  crassum  de  Rousillom.  By  Marie  Pavlow. 

Bull.  Soa  Imp.  Nat  Mosoou,  1891. 
Qu'est  oe  que  o'est  que  VHipPARioN.    By  Marie  Pavlow.    Ibid, 

IN  these  brief  notes  Madame  Pavlow  re-states  her  views  as  to  the 
specialized  character  of  Htpparion,  and  the  impossibility  of  its 
being  an  ancestral  form  of  Equus.  She  regards  the  lower  dentition 
ascribed  to  H,  crassnm  by  Deperet  as  erroneously  determined,  pre- 
ferring to  assign  it  to  Equtu ;  and  the  supposed  limbs  of  the  Indian 
H.  antilcpinum  seem  to  her  to  be  more  probably  referable  to  Equus 
jlenonts. 


L — Address  to  the  Geological  Section  of  the  British  Associa- 
tion, BT  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.S.,  President 
of  the  Section,  Cardiff,  August  2l8t,  1891. 

1.  IntroductioTL — The  black  stanet  that  bum  probably  came  to  be  known 
by  pre-historic  people  through  accident,  here  and  there,  lonp;  before  any 
notion  of  their  worth  to  the  community  at  large  was  entertained.  Wood 
at  first,  and  then  charcoal,  supplied  fuel  far  into  historic  times,  on  every 
hand,  except  perhaps  in  China.  In  the  first  century  of  the  Christian  era 
the  Romans,  occupying  England,  met  with  coal,  and  probably  learnt  its 
use  fix>m  the  natives.  It  seems,  however,  to  have  been  disregarded  during 
the  Saxon  conquest  and  domination  of  this  Island  ;  but  by  the  beginning 
of  the  twelfth  centuxy  the  use  of  coal  was  well  in  hand  again,  as  shown  by 
old  charters  relating  to  places  in  Scotland  and  the  county  of  Durham. 

The  histonr  of  the  use  of  coal  is  treated  of  in  the  following  books  : — 
'  The  Coal-fidds  of  Great  Britain  :  their  History,  Structure,  and  Resources, 
with  notices  of  the  Goal-fields  of  other  parts  of  the  World.'  By  Edward 
Hull,  M.A.,  eta,  with  maps  and  illustrations.  8vo.  London.  First 
edition,  1861 ;  second,  1861 ;  third,  1873 ;  fourth,  1881.  '  Coal  :  its 
History  and  Uses.'  By  Professors  Green,  Miall,  Thorpe,  Riicker,  and 
Marshall.  Edited  by  Professor  Thorpe.  8vo.  London,  1878.  Also  in 
the  unpretentious  pamphlet, '  The  History  of  Coal.'  By  the  Rev.  Thomas 
Wiltshire,  M.A.,  etc.  8vo.  London,  1878.  Of  course  the  most  com- 
prehensive work  on  the  British  Coal-measures  is  the  '  Report  of  the 
Commissioners  appointed  to  Inquire  into  the  several  matters  relating  to 
Coal  in  the  Umted  Kinsdom,'  3  vols.,  with  maps  and  sections.  FoL 
London,  1871.  Other  valuable  works  are:  W.  W.  Smyth's  *Coal  and 
Coal  Mining,'  8vo.  1867,  and  later  editions ;  and  Richard  Meade's  *  Coal 
Mid  Iron  Industries  of  the  United  Kingdom,'  etc  8vo.  London,  1882. 
'Coal:  its  Geological  and  Geographical  Position.'  B;^  Professor  John 
Morris,  8vo.  London,  1862,  idthough  only  a  pamphlet,  is  valuable  for  its 
information. 

The  subject  of  Coal  and  the  Coal-measures  is  abundantly  treated  of  in 
the  scientific  literature  of  this  century  in  nearly  all  parts  of  the  world,  and 
it  would  be  useless  to  endeavour  to  do  justice  to  its  bibliography.  Besides 
having  had  the  advantage  of  the  labours  of  the  many  eminent  foreign 
geologists  who  have  advanced  our  knowledge  of  the  subject  in  one  or  other 
of  its  variouB  aspects,  both  by  original  research^  and  by  condensing 

>  Espedalhr    8teniherg,    Brongniart,    Goeppert,    PeViXioWV    ^vcoXa.^  ^^^^^% 
Scbimper,  Weiaa,  BeoAvltf  and  Grand  Eury. 


RfporfK  and  Proceedingt — 

'  io  treating  aud  manuals  roTBtudeota,' we  hare  IiMJioat  ' 

liiwiastiu  fttudelits  of  the  D&tunl  histoiy  of  tbe  OtftuU- 

\  fosnils  III  our  own  country  and  within  our  own  tiun. 

"t  frequentlv  occur  iu  spcaJduK  of  coal  and  its  bdoo^u^ 

\:.-i  and   m&uuaU   of  geologv   by    De    la    Becbe,   PmDip* 

,  Aosted,  Jukes,  Gcilde,  Pioetwich,  Grc«n,  Etheridge,  tai 

I  iiuidea :  the  Memoira  of  the  Geo!<^cal  Surveys  of  Eisliiid 

Itland,  Iralond,  and  India  are  miaes  of  scieiititic  weoItfaH 

Vie  matter  ;    our  paJgwbotaaisU  Lindlej,    UutUin,  irot, 

k  Hooker,  Bimiey,  Buubur;,  Dawes,  Williameon,  Canntht^ 

Q,   etc.,   have   ^vcu   us  good   rcBults,'    aod   olhen,  wt 

I   writt«ti   ffsad   matter  for  our  coiisideratiun.      Abroad, 

Inrican  frieuds,  we  have,  or  have  had,  several  of  the  StW 

BnonH,  Lesquoreui,  Rijgcra,  Leslr;,  Newberry,   Dana),  ■[» 

He  Coal-muutureij  with  care,  besides  Steiiibauer,  Brown,  and 

^  ntie  has  ao  eamesUr  and  siiccMsfully  given   his  eeriuui 

Y  branch  of  geolo^  and  palteontolcigT  aa  Sir  J.  W.  DavsoD, 

t  long  since  President  of  the  British  Association  when  w» 

iiam  iu  1886.     His  numerous  memoira  and  elaborate  wort 

Kcitlo^  '   supply   abundant   facts  and   sound    theories  in 

*lie  history  of  the  Coal   Period.     Sir  W.  K.    Logan,  who  | 

[lea  in  South  Wales  was  the  first  to  give  geologists  a  clue   ' 

Ution  of  much  that  was  very  obscure  about  coal,  worfcec)   | 

in  the  Nova-Sixjlian  coal-field  ;  and  bo  also  did  S^ 

e  And  elsewhere  devoted  much  energy  and  acuiuea 

o  origin  and  formation  of  coaL 

volumes  of  the  '  Geolc«ical  Record  '  show  how 
1  books  on  Coal,  Coal-minea,   Coal-Geld^ 
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measures,  and  of  the  Datura!  histoir  of  the  coal  itself.  To  the  perservering 
energy  and  accurate  observation  of  6ir  William  R  Logan  ana  Sir  Henry 
T.  De  la  Beche  South  Wales  gave  up  the  secrets  of  coal-growth,  strength- 
ening some  earlier  suppositions,  correcting  others,  and  establishing  a  firm 
basis  for  the  theory  that  the  coal  has,  for  by  far  the  most  part,  been 
formed  of  plants  growing  where  the  coal  now  lies,  although  some  local 
varieties  have  arisen  from  the  occasional  driftage  of  floating  timber  and 
herbage,  and  of  long-continued  maceration  of  v^;etable  matter  in  lakes 
and  pools  elsewhere. 

Mr.  (afterwards  Sir)  W.  E.  Logan,  having  for  several  years  worked  on 
the  geology  of  South  Wales,  in  1837  gave  his  maps  and  information  to  the 
enthusiastic  promoter  of  the  Geological  Survey  <^  the  British  Islands,  Mr. 
(afterwards  Sir)  H.  T.  De  la  Beche,  for  public  use  in  the  construction  of 
the  Survey  Map  and  in  developing  the  s6iicture  of  the  country.  The  first 
volume  of  the  '*  Memoirs  of  the  Geological  Survey,"  1846,  contains  at 
p.  145,  Sir  H.  T.  De  la  Beche's  acknowledgment  of  Sir  (then  Mr.)  W.  E. 
Logan's  gift  of  the  valuable  results  of  his  investi^tions  in  the  Coal- 
measures  and  discovery  of  the  nature  and  meanmg  of  the  frequent 
underclavs,  an  account  of  which  Mr.  Logan  had  already  published  in  the 
"Annual  Report  of  the  Royal  Institution  of  South  Wales"  for  1839  ;  in 
the  "  Proceedings  of  the  Geological  Society  of  London,**  vol.  iii.  February, 
1840,  p.  276,  and  March,  1842,  p.  707,  etc.,  and  "  Transactions  of  the 
Geological  Society,"  second  series,  voL  vL  1842,  p.  491,  etc. 

The  hypotheses  of  the  formation  of  coal  offered  by  earlier  writers  are 
carefully  reviewed  in  De  la  Beche's  elaborate  memoir ;  and  the  growth  of 
opinion  as  to  coal  having  been  made  by  plants  growing  in  place  is  traced 
frr)m  De  Luc  (1793),  Lindley  and  Button  (1833  and  1835),  Adolnhe 
Brongniart  (1838),  to  W.  E.  Logan,  by  whom,  indeed,  it  was  fully  established 
before  1837.  Opinions  as  to  the  nature  of  the  Stigmaria  ficoides^  so 
abundant  in  the  *  underclays,'  are  also  referred  to ;  and  that  it  is  really 
the  root  of  Sigillaria  is  accepted  on  the  good  authority  of  Brongniart  and 
Binney  (p.  150).  Dr.  Buckland's  summary  (in  his  Anniversary  Addresses 
to  the  Geological  Society  1840  and  1841)  *  of  what  had  been  advanced  by 
British  geologists  in  the  elucidation  of  the  Coal-measures  and  their  natural 
history  comprised  mainly  the  observations  made  by  Ansted,  Hawkshaw, 
Barber,  Beaumont,  J.  £.  Bowman,  and  particularly  W.  K  Logan.  He 
stated  in  his  Address  of  1840  that  "  some  of  the  vegetables  which  formed 
our  beds  of  coal  grew  on  the  identical  banks  of  sand  and  silt  and  mud 
which,  being  now  indurated  to  stone  and  shale,  form  the  strata  that 
accompany  the  coal ;  whilst  other  portions  of  these  plants  have  been 
drilted  to  various  distances  from  the  swamps,  savannahs,  and  forests  that 
gave  them  birth,  particularly  those  that  are  dispersed  through  the  sand- 
stones, or  mixed  with  fishes  m  the  shale  beds." 

Dr.  Buckland's  summary  in  1841  is  given  by  De  la  Beche*  ''as  express- 
ing his  opinion  that  the  Stigmaria  ficoidea  [which  was  at  that  time  still 
n^arded  by  many  as  an  individual  floating  plant],  growing  in  ponds  or 
lagoons  in  the  localities  where  we  now  discover  its  remains,  by  mixture 
with  mud  or  silts  disseminated  among  them,  formed  the  underbeds,  upon 
which  also  grew  the  plants  which  now  form  the  coal-beds,  these  latter,  by 
subsidence  being  covered  by  sand  or  mud,  forming  sandstone  or  shale, 
between  the  coal  strata,  successive  coal-beds  being  formed  as  the  necessary 
conditions  arose."  Sir  (then  Mr.)  C.  LyelFs  important  additions  to  the 
subject,  then  lately  given  in  his  "  Travels  in  North  America,"  two  vols., 
1845,  quoted  and  applied  by  De  la  Beche,  were  subsequently  enlarged  in 
his  "  Second  Visit,'*  etc.,  two  vols.,  1849,  and  in  his  "  Elements  of  Geolo^  " 
edition  1851,  and  subsequently. 

>  TVoceed.  Geol.  8oc.  vo\.  \\\.  ipv-  *^*^^  ^^^  ^'^'^* 
'  Mem.  GeoL  ttuzTey,  toL  v.  1^^«  ^*  WI. 


620  Stparis  and  Proe$edmg9^^ 

De  1a  Bechc^  Memmr,  after  bftving  piwoutod  some  CKpIaafttioo  of 
geolc^oid  pheiK»DeKia»  and  treated  of  tEe  geoeral  npge  and  occurrence  of 
the  Silurian  and  Devonian  rocks  in  the  aouthem  moiety  of  Wales  and  the 
South-weetem  Ckmntiee  of  England,  proceeds  to  describe  the  GarboniftroBi 
strata^  and  at  p.  143  takes  up  the  Coal-measures ;  and  his  work  remains 
a  clanic  authontj  on  the  subject  De  la  Beche's  account  of  these  stnia 
has  not  been  mudi  modified,  except  l^  the  descriptions  of  jmany  additiwid 
fossils,  and  details  about  the  special  charaoters  of  those  then  known. 

Other  information,  however,  on  the  past  and  present  conditions  of  tbi 
South- West  Coal-field  is  found  in  Mr.  (now  Sir)  A.  C.  fiamsaj's  p^wr 
**  On  the  Denudation  of  South  Wales  and  the  acyacent  English  CountieB,' 
in  the  same  volume  of  the  "  Memoirs  of  the  Geological  Survey  " ;  and  veiy 
mudi  has  been  added  by  local  observers,  as  shown  by  numerous  pApn  on 
this  coal-field  and  its  constituents  in  the  Reports,  Proceedings^  andxruis- 
actioDs  of  the  Scientific  Societies  of  South  wales. 

3.  Origin  of  Coal.^-CoaX  is  now  generally  accepted  as  being  a  compresnd 
and  chemically  altco^ed  mass  of  ancient  vegetabie&  The  tinue  of  some  of 
the  trees  and  other  plants  may  be  detected  in  the  substance  more  or  lesi 
distinctly  by  fracture,  bv  burmng.  and  in  thin  sections^  In  some  esses 
trees  occur  rooted  in  the  attitiufe  of  growth,  their  stems  rising  upwards 
and  their  roots  remaining  in  or  below  the  coaL  The  accumulation  of  coal 
as  seams  of  varying  thicknesses,  in  very  numerous  parallel  beds,  can  be 
explained  by  the  gradual  and  long-continued  8ul)sidence8  of  long  and  wide 
tracts  of  old  marginal  sea-beds,  estuaries,  and  lagoons,  with  adjoining 
lands,^  all  more  or  less  invested  with  vegetation.  At  the  same  time  limited, 
isolated,  and  lenticular  patches  and  nests  of  pure  coal,  usually  in  sand- 
stone, have  been  probaoly  due  to  floating  masses  of  vegetation,  matted 
plants  and  trees,  becoming  waterlogged  and  sinking  in  estuaries  and 
shallow  seas. 

Some  highlv  bituminous  coal,  like  canncl  and  torbanite,  may  have  been 
due  to  limited  accumulations  of  macerated  plants  rotting  in  water  ;  or  to 
the  bursting  of  those  natural  reservoirs,  like  peat-bogs,  and  a  local  arrange- 
ment of  the  resulting  flow  of  Carbonaceous  mud. 

Mr.  W.  Gallowav,  in  his  memoir  "  On  the  Mode  of  Occurrence  of  Coal,'' ' 
carefully  places  before  his  readers  the  two  sets  of  opinions  about  the  origin 
and  formation  of  coaL  First,  as  to  the  place  of  growth  and  of  carbonization 
being  on  the  same  ground,  following  jDe  la  &che*s  statements  and  con- 
clusions ;  and,  secondly,  as  to  the  accumulation  of  vegetable  matter,  some 
dead  and  broken,  some  already  decomposed,  derived  from  the  forests  and 
herbage  of  marshy  lands,  and  deposited  in  great  lakes  (as  expressed  by 
C.  Qrand'Eury  in  the  "Annales  des  Mines,''  1882),  with  the  Sii^marug 
living  and  dying  as  water-plants  (as  they  were  at  first  regarded,  and 
thought  to  have  been  formed  of  a  central  body  and  long-spreisuiing  arms 
and  leaves)  ;  while  tall  trees  grew  here  and  there  on  the  water-side,  until, 
falling  down,  they  lay  prostrate  in  the  black  mud ;  or,  breaking  off,  left 
their  rotting  stumps  still  standing  upright 

Mr.  Galloway  accepts  the  latter  opinion  to  some  extent,  because  he  finds 
the  roots  in  undorclays  to  have  no  direct  communication  with  the  coals 
above  them, — on  account  of  the  presence  of  persistent  shaly  lavera,  or, 
'  parting'  traversing  coal-beds,  and  very  intimately  passing  into  tlie  coaly 
matter  itself, — on  account  of  a  seam  being  cannel-coal,  blackband-ironstonc, 
and  shale  in  different  parts  of  its  extent,  with  a  coal  lying  on  it  without 
an  inter\'ening  underclay  ;  and  if  this  shows  that  a  coal  can  have  been 
formed  without  an  tmderclay,  he  aigues  that  any  underclay  need  not  have 

*  The  Coalfields  of  Great  Britain,  4th  edit.  p.  81,  etc. 

*  Report  and  Transactions  of  the  Cardiff  Naturalists*  Society,  toI.  xvii.  (for  ISSTj, 
2B86,  pp.  20-34. 
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been  neoessarily  the  soil  of  a  coal-seam.  He  acknowledges  ihe  subject  to 
be  one  of  difficulty  ;  and  it  seems  to  me  that  some  at  least,  if  not  all,  of 
the  difficulties  have  been  already  removed  by  De  la  Beche,  Lesley,  Lyell, 
Dawson,  and  other  observers. 

4.  Area  of  the  Coal-Growth. — For  knowledge  of  what  ruled  the  local 
occurrence  of  coal,  we  owe  a  great  debt  to  Mr.  R.  A.  C.  Godwin-Austen, 
who  had  studied  the  geology  of  the  South-western  Counties  with 
De  la  Bech&  To  him  we  are  indebted  for  the  approximate  demarcation 
of  the  bounds  and  margins  of  the  Carboniferous  Formations,  particularly 
for  the  probable  land-limits  and  outward  extension  of  the  Coal-measures. 
In  his  valuable  memoir  "  On  the  possible  Extension  of  the  Coal-measures,"  ^ 
he'  explained  the  reasons  for  his  mdicating  on  the  map  then  communicated 
to  the  Geological  Society  the  physical  configuration  of  North-western 
Europe  at  the  close  of  the  PalsDozoic  period,  and  the  outline  of  the  surfaces 
which  supported  the  coal-vegetation.  He  concluded  to  define  the  place 
and  range  of  this  old  coal-srowth  of  what  is  now  Western  Europe  as — 

^  An  internal  sea,  around  and  occasionally  over  large  parts  of  which  the 
peculiar  vegetation  of  the  time  was  developed  aud  entombed  as  the  area 
rose  and  sank.  A  region  with  a  central  depressed  area,  such  as  Australia 
is  supposed  to  present,  and  going  down,  by  means  of  a  long  series  of 
oscillations,  would  ultimately  present  just  such  an  assemblage  of  deposits 
as  our  own  Carboniferous  group  "  (p.  73). 

A  further  reference  to  this  land  of  level  or  hollow  region  is  as  follows: — 

"  The  large  level  tracts  which  lie  west  of  the  Blue  Mountains  in  Australia, 
into  which  the  Lachlan,  the  Darling,  and  the  Murrumbidgee,  discharge." 
(God win- Austen's  Lecture,  Boyal  Institution  of  Great  Britain,  April  16, 
1858.) 

Such  an  area  had  also  been  indicated  in  Sir  H.  De  la  Beche's  note  to  p. 
296  of  his  memoir  above  mentioned,  where  he  refers  to  '  the  great  area 
extending  from  the  country  drained  bv  the  Volga,  eastward  through  eighty 
degrees  of  longitude  into  China,  and  urom  which  the  waters  find  no  course 
outwards  to  the  main  ocean  or  to  the  seas  connected  with  it.'  With  a 
gradual  depression — with  the  detritus  swept  in  by  the  rivers — and  with  a 
.suitable  flora  and  climate,  there  might  here  be  both  accumulations  of 
vegetable  matter  grown  in  place,  as  well  as  limited  deposits  of  drifted 
plants,  under  different  conditions.  De  la  Beche  moreover,  referred  (p.  146) 
to  the  long  flat  coast  of  the  eastern  seaboard  of  South  America,  with  its 
great  rivers  and  abundant  flora,  as  being  analogous  to  some  parts,  at  least, 
of  the  areas  on  which  the  coal-seams  were  formed. 

The  area  of  coal-growth  in  this  North-west  European  r^on  is  repre- 
sented on  Mr.  R.  A.  C.  Godwin-Austen's  map  ^  as  a  littoral  belt  (varying 
in  width  as  now  exposed  at  the  surface),  reaching,  in  an  approximately 
semicircular  or  bay-like  shape,  from  the  Elbe  near  Magdeburg,  and 
north  of  the  Hartz,  westward  to  the  valley  of  the  Ruhr,  including  a 
southern  extension  to  Marburg ;  and,  taken  up  again,  it  passes  from  Ruhr 
to  Aix-la-Chapelle,  and  to  Namiu*  and  Charleroi ;  then  by  the  Franco- 
Belgian  coal-field  to  Calais,  aud  beneath  the  valley  of  the  Thames  to 
Bristol,  Forest  of  Dean,  and  South  Wales,  south  of  the  Old  Red  area, 
towards  Ireland.  On  the  eastern  side  of  Hereford,  aud  along  the  east 
border  of  the  old  rocks  of  Wales,  the  range  of  the  coal-growth  is  shown 
by  the  coals  appearing  here  and  there  along  the  Severn  and  the  Dee ;  and 
doubtless  it  widened  out  considerably  eastward  across  what  is  now  England. 
0>ntinuing  northward  it  occupied  Northumbria,  and  stretched  westward 
locally  between  the  old  Cumbrian  land  and  the  South  Highlands ;  passing 
around  the  east  end  of  the  latter,  it  was  strong  across  what  is  now  Central 

»  Quart.  Joum.  Geol.  Soc,  vol.  xii.  1856,  pp.  3^"^;  fiN^o  V.«^o\^.^^^^««w^s^w«!Nvw^ 
1871,  pp.  424  BDd  611,  with  plates;  and  liep.  tiiit.  Aaawi.lw  Wi'^>'^«'«I\^^*'*^^^ 
'  FL  L  Q.J.O.8.,  fol.  xn.  1856. 


RijiorU  nnd  Prorerdiiiffn — 

idieations  in  North  Ireland.  Thiia  the  ooat-growth  invested 
i  waateru  edgoH  of  Godwin- Austen's  '  internal  aea '  »l»ve- 
citeiidod  westward  bj  two  outlcta  :  one  at  its  south-went 
h  Wales  :   and  tho  other  on  the  nortb-wost,  hy  Ceutral 

ala'otftlc  lancb  of  Wales,  Ireland,  Cumbria,  and  ISautb 

tret4;b  of  coal-gTowtli  along  the  border  of  the  old  Coubriaa 

d  edge  iif   these  lUMimulations  now  forms  part  of  tlie 
liroke,  Caenuarthen,  Glamorgan,  and  Monmouth,  and  is 
t«d  in  the  Forest  of  Uean.  the  narrow  utritw  of  Coal- 
jf  May  Hill  in  UIoiicosterHhire,  the  Cloo  Uilla  (outliero  of 
vre  and  Ooitlbrookdalc),  the  coal-tields  south  and  west  ot 
I  that  of  OswestrT,  Wrexham,  and  Mold.     All  these  are 
f  one  great  original  coal  field,  once  mantling  round  Xorth 
older  rocks  west  of  the  Severn  and  north  of  Bristol 

nd  south,  however,  of  the  old  Cumbrian  area  are  a  few 
^  patches  of  c<«l  ;  but  the  Whitehaven  field  is  really  the 
3f  the  Korth-of- England  coal-growth  :  the  coal  of  Aiiglesea 
veatward  eitonsion  of  the  Lancaaliire  field  ;  and  that  uf 
ilunant  of  the  northern   part  of  the  latter  towards  ttiD 
d  Cumbrian  land. 

of   A'ouM     HWm:    as  extent,   tfiicimnsi,   and  conKtIamf 
uahle  coal-Held  of  South   Wales  (estimated  by  some  to 
acres,  aiid  atated  by  others  to  be  906  muare  miles  in 
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between  two  and  across  one  (just  north  of  Swansea).  The  favourable 
position  for  mining  some  of  the  measures  is  due  to  the  local  angle  of  dip 
in  the  synclinal  strata ;  and,  indeed,  without  the  anticlinal  arrangement 
some  of  the  coab  could  never  have  been  reached  even  by  deep  mines.  ^ 

Mr.  Etheridge  (in  his  new  edition  of  Phillips's  "  Manual  of  Geology," 
1886,  p.  238)  mentions  that  in  the  southern  part  of  the  western  moiety 
tbe  Coal-measures  have  a  thickness  of  11,(KX)  feet ;  and  that  on  the 
northern  side  of  the  anticlinal  axis  there  they  are  7000  feet  thick,  and  that 
near  Britton  Ferry,  in  the  middle,  they  dimmish  to  4800  feet  on  that  side. 

Taking  the  whole  basin  or  trough,  it  may  be  roundly  said  that  in  the 
north-east  side  the  coals  are  mainly  coking  or  partly  bituminotu ;  to  the 
west  and  north-west  they  are  anthracitic;  and  in  the  south  bituminous  or 
gaseous ;  and  more  especially  that  "  in  the  Aberdare  area  the  coals  are  very 
free-burning,  but  at  the  same  time  smokeless  ;  hence  their  importance  for 
steam  purposes,  especially  the  Aberdare  four-foot  steam-coal."  ' 

The  physical  features  and  structural  condition  of  the  South- Welsh  coal- 
field, also  the  occurrence  of  fossils,  were  succinctly  treated  of  by  G.  P. 
Bevan  in  the  "  Geologist,"  vol.  iii.  1860,  pp.  90-99. 

The  order  and  thickness  of  the  strata  belonging  to  the  coal-field  of 
South  Wales  as  given  in  Geikie's  "  Textbook  of  Geology,"  2nd  edit,  1886, 
p.  742,  are  (for  Glamorganshire)  : — 

Upper  series :  sandstones,  shales,  etc.,  with  26  coal -seams,  more  than    3400  feet. 

Pennant  grit :  hard,  thick-bedded  sandstones,  and  15  coal-seams      ...     3246    ,, 

I  .ower  series  :  shales,  ironstones,  and  34  coal-seams        460  to   850    ,, 

Millstone  grit. 

The  Coal-measures  are  thus  estimated  at  7496  feet,  or  nearly  1^  mile 
in  thickness,  besides  the  Millstone-grit  and  the  Carboniferous  or  Mountain 
Limestone  occupying  a  still  lower  position. 

Differences  of  observation  or  of  opinion  from  time  to  time  have  caused 
different  estimates.  In  1855  Professor  J.  Phillips,  who  took  a  very  strong 
interest  in  the  geology  of  the  coal-fields,  published  the  following  measure- 
ments (in  his  "  Manual  of  Geology,"  1855,  p.  201)  as  representing  only  a 
general  view,  and  he  indicated  that  nearly  12,000  feet  thickness  may  occur 
near  Llauelly : — 

Manelly  series,  with  several  beds  of  coal      1000  feet. 

Penllergare  series  of  shales,  sandstone  and  beds  of  coal — 110  beds ; 

26  beds  of  coal 3000    „ 

Central  series  (Townhill  sandstones  of  Swansea =Peniuuii-grit  of  tlie 

Bristol  coalfield) — 62  beds  ;   16  beds  of  coal        8246   „ 

Lower  shales,  coals,  and  ironstones  (Merthyr) — 266  beds ;  34  beds  of 
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8058 
Farewell  Rock  and  Gower  Shales,  above  the  Carboniferous  Limestone. 

Professor  Hull'  gives  about  1200  to  the  Coal-measures,  with  twenty- 
five  seams  of  coal  of  two  feet  thickness  and  upwards ;  making  a  total  of 
eighty-four  feet  of  workable  coal.  In  1881  Professor  Hull  calculated  that 
there  remained  about  32,166  millions  of  tons  of  available  coal,  which 
might  possibly  last  for  more  than  1000  years  at  the  present  rate  of 
consumption. 

Mr,  E.  Rogers,  in  the  "  Memoirs  of  the  Geol.  Survey  :  Iron-Ores,"  part  iiL 
1861,  p.  169,  divides  the  Coal-measures  of  South  Wales  into  an  Upper  and 
a  Lower  series,  with  the  hard  siliceous  sandstone  (locally  a  conglomerate), 
known  as  *  Cockshute  *  and  *  White  Rocks '  between  them.  The  upper 
measures,  he  says,  are  mostly  micaceous  sandstones,  locally  known  as 

1  Jbid,  chap.  i.  *  Etheridg«,  1885.  p.  238. 

*  *'  The  Coalfields/'  etc.,  1881,  p.  108. 


■ontaiua  the  bulk  uf  the  itonxtoue  m  vcU  a«  cnal,  whidi 

g  the  great  dyke  or  fault  id  the  Vftle  of  NeAth  it  beoouMB 
iipiier  eeriea  oont^iod  few  iron-onB,  uid   tbe  otwl  ii 
when   &uthracit«   eiisbs  below  it,   as   iii   tbe   Swmim* 

id  that  thcK  id  an  intermediate  region  owui'i«d  hj  ui 
lity."    Thcae  conditiouB  of  the  coal-aeamis  indicated  to 
ibilitj  of  a  rule  in  the  ch«ngo  of  unalitv— namely,  that 
llel  plauea,  cutting  tbe  sooios  of  coal  without  regud  to 
iiioatioD,  and  dip)>iug  to  the  south  or  eAst  of  south." 
giu  tv  became  outhnicitto  at  Rhymiiey  ;  uid  the  change 
f  mora  and  more  marked  aa  we  past*  by  DowUis,  OyfaKba, 

!  Mr.  Dadd  Itlushet  la  the  Appendix  to  his  "  Papen  on 
*vo.  London,  184a     At  page  68  of  this  book  Mr.  Uusbel 
outb  Wales  aa  the  coals  approach  the  anthracite  district 
o  contain  90  per  cent,  (of  carbon),  with  no  more  ftune 

to  convert  tbe  oool  into  coke." 

18H5iacceuta(p.  £38)  Profesaor  PhilUps's  foregoing  table; 
gEH  the  cimi-beAring  ("-.rtionH  m  diviaihle  into — 1.   t'pper 
i.   I^ower  Pt-iiuaiit  Mjriua ;  3.  Wbite-aah  aeries  ;  and  givefl 
.  in  addition  :- 
>per  or  [Vnilfrsiiire  wria,  more  than         3100  fe*t 
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granted  by  the  owner  to  ezoaYate,  yet  damage  to  the  trees  was 
strictly  forbidden. 

A  section  was  first  cut  parallel  with  the  face  of  the  rock,  but  no 
tme  floor  was  reached,  the  rock  itself  being  too  near  the  surface, 
and  forming  merely  a  shoulder  under  the  surface  soil. 

Many  days  at  this  being  unsuccessful,  another  excavation  was 
made  on  the  slope  of  the  hill  just  below,  and  a  considerable  area 
was  trenched  to  a  depth  of  about  3  feet. 

Here,  however,  only  Neolithic  flakes  were  found  ;  and  great 
blocks,  fallen  from  above,  and  deeply  embedded  in  the  soil, 
presented  obstacles  not  easy  to  surmount.  Later  on  work  was 
commenced  lower  down  still,  at  a  spot  where,  in  cultivating  the 
ground  in  former  years,  relics  of  Palsdolithio  age  had  been  found. 

Two  implements  were  secured,  but  the  rocky  conditions  tried  my 
labourers'  strength  ;  and  to  do  the  work  thoroughly  horse-power 
was  needed,  the  blocks  in  many  instances  weighing  more  than  half 
a  ton.  A  good  large  area,  however,  was  here  trenched  to  a  depth 
varying  from  3  to  5  feet 

The  slope  of  the  bold  projecting  spur  below  Mount  Pleasant, 
lying  about  fifty  yards  south-east  of  the  former  digging,  was  next 
tried,  and  here  success  crowned  our  efforts,  for  very  soon  immense 
numbers  of  flakes  were  met  with,  and  in  such  profusion  that  I  was 
prompted  to  carry  on  the  work  thoroughly. 

Leave  was  asked  for  and  granted  for  an  area  of  some  9  or  10  rods 
to  be  worked  over,  and  ere  long  finely  fashioned  characteristic 
Palaeolithic  implements  were  found  daily,  as  well  as  flakes,  some  of 
these  80  minute  that  it  seemed  as  if  the  actual  workshop  had  been 
lighted  on.  Altogether  49  well-finished  implements,  or  portions  of 
them,  and  648  waste  flakes,  have  been  found  at  this  spot,  leading 
to  the  supposition  either  that  this  was  the  frontage  of  a  rock-shelter, 
or  that  the  material  had  slipped  down  from  above.  We  think  that 
it  would  be  highly  desirable  to  make  further  excavations  in  this 
and  the  adjacent  area. 

The  great  portion  of  these  flakes  were  found  at  depths  varying 
from  2 1  to  3  feet ;  and,  as  a  rule,  they  lay  at  the  base,  and  im- 
mediately overlying  a  gravelly  wash.  The  implements  are  very 
similar  to  some  of  those  found  in  the  rock-shelters  of  Central  France. 

Similar  conditions  to  those  of  this  spur  appear  on  the  north-west 
side  of  Oldbury  Hill,  near  to  an  outcrop  of  rock ;  and  at  various 
times  implements  have  been  found  near  by. 

Leave  has  been  granted  for  work  to  be  carried  on  here. 

in. — Hkport  of  thb  CoBfMiTTBE,  Consisting  of  Mr.  J.  W.  Davis 
(Chairman),  Rev.  E.  Jones  (Secretary),  Drs.  J.  Evans  and 
J.  G.  Gabson,  and  Messrs.  W.  Pknoblly.  R.  H.  Tiddeman,  and 
J.  J.  Wilkinson,  to  complete  the  Investigation  of  the  Cave  at 
Elbolton,  near  Skipton,  in  order  to  ascertain  whether  Remains 
of  PalsBolithic  Man  occur  in  the  Lower  Cave  Earth. 

THE  Elbolton  Cave  Exploration  waa  ooT\l\iivv^^\w\^«t>\v^^\x^R5Qw^\!L 
o£  your  Committee  until  the  end  ol  Ii«»xc^x,  Y^^^*   ''^N:^^ 
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cave  is  through  a  ihaft  or  pot-hole  20  feet  in  Heplli       I 
oot  of  a  Biiiall  limestone  near  od  Elbollon.  1I.>00  f«rt     1 
,     The  chnnibtT.  Iwfore  tl>e  erplumtioD  cwmmenorf.     ■ 
;.  aii<l  vnrietl  from  7  to  13  Test  in  width.     Ilie  floor 
,  with  the  exc«{)lioD  of  a  heiip  of  stotiea  under  the 
ihe  Burfuoe  nothing  was  uiwervetl   but   a   few   sheep 

origin.     The  upper  ali^tuni,  wliich  varied  in  thick- 
et at   tlia  east  to    17  feet  at  the  we».t  end  of  the 
1  only  one  wiierpin  human  remains  have  yet  been 

rge  quantities  of  bones  of  tlie  Celtic  Shorlbom.  the 
r,   Dog,   Ked   Deer,   Slieep.  etc.     The   bones   of  the 
were  split  and   broken,  and  were  evidently  \MeA  m 
inea  and  cliarooal  were  found  in  three  places.     Three 
s  were  discovered   buried  with  the  legs  bent  and  the 
le  skull.     Tlie  other  human  bones  were  more  or  leM 
t  of  [he  skulls  were  ahattered,  though  two,  obtained 
id.  are  fairly  preserved,  and  are  f^ood  typical  ejteci- 
t  head  ty{>e.     But  the  hiin.au  remains  obtained  from 
the  Dliaml>er  and  at  a  inuuh  lower  level.  13  and  15 
floor   (one  lyin^   bnt   a   few   inches  above  the   olsv 
Kines  of  the   iiear  and   Keindeer}.  are  not  dolichoM- 

t  which  was  found  in  other  jiarts  of  the  cave.      It  is 
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having  been  gnawed  by  other  animals ;  they  either  perished  in  the 
fissure  or  their  bones  were  washed  down  through  pot-holes  into  the 
cave.  The  bones  from  the  lower  layer  are  darker,  much  harder, 
and  less  porous  than  those  from  the  upper  one. 

After  the  meeting  of  the  Assooiation  at  Leeds  the  efforts  of  your 
Committee  were  first  directed  to  the  careful  examination  of  the 
lower  clay  bed  in  the  centre  of  the  chamber.  A  pot-hole,  about 
10  feet  deep  and  8  feet  in  width,  was  cleared  out  This  contained 
a  few  of  the  limb  bones  of  a  Bear.  A  great  part  of  the  rock  floor  at 
the  foot  of  the  first  ladder  was  blasted.  It  consisted  apparently  of 
a  quantity  of  rock  fallen  from  the  roof  and  cemented  by  stalagmite. 
We  were  hopeful  that  underneath  it  we  should  find  an  old  deposit. 
So  far,  however,  it  is  solid.  Further  west  the  excavation  was  con- 
tinued, the  difficulty  of  working  in  the  soft  adhesive  clay  increasing. 
The  percentage  of  bones  was  small,  and  in  the  next  six  feet  not 
a  single  bone  was  found.  The  cave  has  now  developed  into  a  deep 
fissure,  and  is  from  4  to  6  feet  in  width  at  a  depth  of  about  45  feet 
from  the  original  level  of  the  cave  floor.  The  attention  of  your 
Committee  was  next  directed  to  find  any  possible  entrance  to  the 
cave  in  addition  to  the  present  one :  the  floor  was  tested  along  the 
sides  of  the  cave  east  of  the  first  ladder,  but  the  miners  report  that 
there  the  ground  was  all  solid  rock. 

Between  the  barren  clay  section  and  the  second  ladder  there  is  a 
quantity  of  unexplored  material.  Huge  blocks  of  fallen  rock  are 
wedged  in  the  fissure,  and  it  was  found  unsafe  to  remove  them  as 
they  underpin  an  immense  overhanging  side  of  the  cave  60  feet 
in  height.  The  second  ladder  was  then  descended,  and  a  level 
driven  beneath  the  fallen  blocks  at  a  depth  of  45  feet  from  the 
first  floor.  For  the  first  6  feet  this  level  was  as  ossiferous  as  any 
of  the  material  yet  examined,  and  of  similar  character,  containing 
bones  of  the  Bear  and  Hare.  Beneath  was  a  barren  clay,  followed 
by  beds  of  sharp  quartz  sand,  until  the  level  is  barred  by  solid  rock. 
In  the  descent  two  or  three  stalagmitic  floors  were  pierced,  but  the 
material  continued  the  same  above  and  below  the  stalagmite.  I'he 
new  chambers  that  were  opened  last  year  are  extensions  of  this 
fissure.  The  miners  have  put  a  steel  rod  8  feet  lower  than  present 
level,  forcing  it  through  another  stalagmitic  floor.  While  the  east 
part  of  this  level  is  sand,  containing  no  bones,  the  western  part  and 
the  passage  up  to  the  new  chamber  is  a  breciated  mass  of  bones  and 
stalagmite. 

At  the  further  extremity  of  the  new  chambers,  and  about  60  yards 
from  foot  of  second  ladder,  there  was  a  deep  pool  into  which  the 
roof  dipped.  In  the  floor  of  the  passage  leading  to  the  pool  a  hole 
8  feet  deep  was  dug.  The  material  was  comminuted  limestone. 
Here  also  bones  of  young  Bears  were  found.  They  had  evidently 
been  washed  down  from  the  first  chamber.  By  means  of  this  ex- 
cavation the  pond  was  lowered  4  or  5  feet  A  ladder  was  placed 
across  it,  And  an  entrance  effected  into  a  further  passage  leading  to 
a  large  natural  chamber. 

So  far  the  cave  has  been  interesting,    YfYia*^  mvj  Xsfe  wslX^xxs^w^^x^ 
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the  anezplovBd  depths  of  the  fiaeiin  is  m  matter  of  pare  oonjeetore. 
Whether  a  repetitioo  of  the  find*  in  the  finnre  it  Ksj  Gill  end  in 
the  lower  oave  earth  of  the  Yktoria  GbiTe,  with  the  addition  of 
PalflBolithio  niao,  must  be  left  for  fbtare  ezplontion  to  determine. 

Yonr  Oomuittee  voqueet  reappointment,  and  that  a  grant  of  £25 
be  made  to  aasiat  in  the  farther  explontion  of  the  oare. 


N0T£8  ON  C0NIST05  FLAGS. 

Sib, — ^liay  I  be  allowed  to  point  out  that  in  my  ''Note  on  the 
Gonieton  Flagn**  in  yonr  last  issue,  the  printer  mskes  it  appear  that 
in  miorosoc^io  work  I  made  nee  of  sections  rather  larger  than  are 
nsnally  employed.  Speaking  of  the  garnets  (p.  460),  he  makes  me 
say  that  this  mineral  appears  and  disi^pean  ''  within  a  few  yards 
a!ong  the  slide  and  a  few  feet  aeroa  it." 

Messrs.  Voigt  and  Hochgesang,  who  make  my  sections  for  me, 
have  very  gpreat  skill  in  our  work,  but  I  do  not  think  they  could 
quite  make  slides  of  the  size  here  indicated  I  What  I  wrote  was 
Btrike,  where  the  printer  has  put  slide,     W.  Matmard  Hutchinos. 

NswcASTLS-ON-TTirB,  Oet,  7,  1891. 


CONCEETIONS  IN  MAGNESIAN  LIMESTONE. 

Sir. — Has  not  Mr.  Garwood  omitted  to  consider  a  third  possible 
method  of  origin  for  these  and  similar  concretions  ?  Infiltration  and 
Segregation  are  not  the  only  ways  in  which  concretions  are  formed. 
Why  should  not  the  carbonate  of  lime  have  been  obtained  from  the 
water  above,  while  that  particular  bed  was  being  deposited  ?  It  is 
not  necessary  to  suppose  that  the  carbonate  of  lime  must  have  been 
deposited  in  the  bed  and  then  segregated ;  it  is  surely  more  likely 
that  it  was  in  solution  in  the  water  above,  and  was  precipitated  by 
chemical  action.  The  ammonia  or  ammoniacal  compounds  evolved 
from  decaying  organic  matter  might  be  the  initial  cause. 

A.  J.  Jukes  Bsowkk. 


With  deep  regret  we  record  the  following  deaths  : — 

Chablm  Smith  Wilkiwson,  F.G.S.,  F.L.S.,  V.P.L.S.,  N.S.W.,  the 
Grovemment  G^logist  for  New  South  Wales,  who  died  at  Sydney 
on  2drd  August,  1891,  aged  47  years. 

Phiup  Hbrbbbt  Cabpbntbr,  D.Sc.  (Camb.),  F.R.S.,  FL.S.. 
Science-Master  of  Eton  C!ollege,  who  died  on  2l8t  October,  1891, 
aged  39  years. 

We  hope  to  puVA\s\\  o^  i\x\\«t  tloXaq.^  q^  N^cysu^  «av\nent  geologists 
and  palssontolo^giBU  next  mou\.Vv. 
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I. — On  Olenellus  Callavei  and  its  Geological  Belationships. 

By  Prof.  Charles  Lapworth,  F.R.S. 
(PLATES  XIV.  AND  XV.) 

IN  the  year  1888  I  published  a  short  paper  in  the  pages  of  the 
Geological  Magazine^  and  in  "Nature,"'  in  which  I  gavo 
a  brief  account  of  the  discovery  of  the  fauna  of  the  Olenellus  (or 
Lower  Cambrian)  zone  in  the  Comley  or  Hollybush  Sandstone  of 
Shropshire.  Since  that  date  great  advances  have  been  made  in  our 
knowledge  of  the  Olenellus  fauna  of  other  areas,  and  the  Olenellus 
zone  has  now  generally  attained  an  established  rank  and  systematic 
position  in  the  Geological  Becord  as  the  basal  zone  of  the  Cambrian 
system. 

At  the  time  my  paper  was  written  sufficient  material  had  been 
obtained  to  enable  me  to  recognize  the  existence  of  a  well-marked 
species  {01.  Callavei)  of  the  genus  Olenellus  in  the  Comley  Sand- 
stone series.  But  the  form  appeared  to  be  so  closely  allied  to  the 
Olenellus  Brdggert,  which  had  been  discovered  by  Mr.  Walcott, — 
the  distinguished  palaeontologist  of  the  United  States  Geological 
Survey — in  the  basement  beds  of  the  Cambrian  of  Newfoundland, 
and  exhibited  and  named  by  him  at  the  meeting  of  the  Geological 
Congress  in  London  in  1888,  that,  as  1  explained  in  the  paper 
referred  to,  1  felt  that  it  was  but  just  that  I  should  await  the 
appearance  of  the  formal  description  of  his  species  before  publishing 
my  own. 

Tlianks  to  the  kindness  of  Mr.  Walcott,  his  brilliant  and  long- 
expected  Monograph  "  On  the  Fauna  of  the  Olenellus  Zone  " '  now 
lies  before  me,  in  which  Olenellus  Brdggeri  is  admirably  figured 
and  described ;  and  although  it  includes  a  comparative  diagnosis  of 
Olenellus  Callavei,  sufficient  for  registration  and  identification,  I  take 
this  my  first  possible  opportunity  of  figuring  and  describing  in  full 
our  Shropshire  form,  that  the  want  of  acquaintance  with  its  minor 
specific  characters  may  not  delay  those  who  may  be  desirous  of 
publishing  new  species  from  the  Olenellus  zone  elsewhere. 

1  Lapworth,  "  On  the  Discovery  of  the  Olenellus  Fauna  in  the  Lower  Cambrian 
Rocks  of  Britain,"  Gkolooical  Maoazixb,  1S88,  Deo,  ILL  YoLV  ."^^  ASik^. 
»  •*  Nature,"  rol  xxix.  p.  213. 
'  See  next  page.  *i 

DMCADB  IIU—TOL,   VIII. HO.    XII.  ^ 
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lU   figured    on  Plate   XIV.    are    those   which  were 
yself  at  the  meeting  of  the  Geological  Congress  at 
i.  eupplemtinted  hy  a  few  othera  which  were  al  ilie 
ssessiiio.     The  niiijority  were  collected  by  Mr.  H. 
i;  under  my  inBlructiona  wiLb  the  kindly  consent  of 
iny  Hughes,  F.R.S.)  during  the  previous  years,  and 
/  oF  the  VVoodwsrdian  Museum,  Cambridge. 
ion  attempted  on  Plate  XV.  is   founded  essentially 
igmeiits;    so    tiiat   palfeonlolugi»tB    will    be    able   W 
i^eivea  in  what  reBpects  that  restoration  is  justified 

)LENBLLt8  (IIolmia)  Callavbi,  Lapw. 

)  XIV.  Figs.  1-20.         Plata  XV.  Fig.  26. 

Ml^ri,,  Upwortli,  GEOLOQicit  MiOiiiSB,  Dec.  III.  Vol.  T. 

-orth.  "  Natrnp,"  vol.  uii.  p.  213. 

■atl-pci.  Walott,  AmBrican  Journal  of  Sdence,  toI.  myii.  p.  SHI. 
,Il«lmia]    Callntii   (Upw.l,    Walaolt,    "Fauna    ot   the   tMnullu 
uih  Eeport  Osol,  Snrrej,  U.S.A.,  pp.  610-641,  p.  SSI,  elc. 

an  broiid.  Head  broad,  nemi-ciroutar  to  Bemi-elliplicd 
moderately  omvex.     Margin  edged   exteriorly  hv  a 

ions  rounded  rim  or  flange,  and  limited  interiorly  liy 
angular  ridge.  Posteriorly  the  margin  is  broadened 
in  a  strong  rounded   epine.      The   under  aide  of  Ihe 
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between  glabella  and  eye-lobe  flat,  and  separated  from  the  g1al)ella 
by  an  irregular  nndulating  groove.  Frontal  limb  narrow.  Sarface 
of  free  cheek  slightly  convex,  sloping  inwards  to  the  eye-lobe,  and 
outwards  to  the  groove  bounding  the  lateral  margin.  Thorax  with 
18  (?)  segments.  Axial  lobe  elevated;  prominently  roanded  and 
narrowing  throughout.  Each  axial  segment  is  well  defined.  It  is 
thickened  posteriorly  and  laterally  grooved ;  and  it  bears  centrally 
a  short  and  stout  recurred  claw-like  spine,  with  a  spreading  base, 
and  a  sharp  ridge-like  upper  surface.  The  terminal  segments  bear 
in  addition  two  lateral  rudimentary  spurs,  while  the  central  spine  is 
much  reduced  in  size.  Pleural  lobes,  flattened  for  the  first  half  to 
two-thirds  of  their  length ;  and  then  gracefully  curving  and  con- 
tracting to  the  recurved  falcate  extremity.  The  proximal  surface  of 
each  is  relieved  by  an  oblique  pleural  groove. 

The  associated  pygidium  is  small,  simple,  almost  semi-circular 
in  form ;  with  slightly  converging  lateral  margins,  straight  and 
shortened  posterior  edge,  distinct  central  elevation,  and  anteiior 
groove. 

The  test  or  body-covering  of  both  head  and  thorax  is  marked 
throughout  by  a  raised  fretwork  of  inosculating  lines  or  ridges, 
the  pattern  of  which  varies  in  different  parts. 

Dimensions. — The  larger  fragments  collected  indicate  a  length  of 
about  six  inches  and  a  breadth  of  about  four  inches.  With  the 
exception  of  Olenellus  (Hotmia)  Brdggeri,  Walcott,  this  form  is  the 
largest  species  of  the  genus  yet  discovered. 

Comparisons. — Olenellus  Cailavei,  as  1  have  already  more  than 
once  pointed  out,^  is  most  intimately  allied  to  Olenellus  Kjerulfi, 
Linnarsson,  from  the  Lower  Cambrian  of  Norway,  and  Olenellus 
Brdggeri,  Walcott,  from  the  basal  beds  of  the  Cambrian  of  Newfound- 
land, lliese  three  species  appear  to  me  to  constitute  a  special  sub- 
generic  (?)  group,  intermediate  between  Olenellus,  Hall  (including 
Mesonaeis,  Walcott,  and  Olenoides,  Meek).  They  all  possess  the 
remarkable  '*  interocular "  processes  and  conspicuous  dorsal  spines 
of  the  latter,  but  differ  in  the  absence  of  the  facial  suture.  They 
agree  with  Olenellus  (including  Mesonaeis)  in  the  general  form  of 
the  head  and  of  the  glabella,  and  in  the  peculiar  ornamentation  of  the 
test ;  but  differ  in  the  absence  of  the  great  median  or  terminal  spine. 
From  both  groups  they  are  strikingly  distinguished  by  the  great 
development  of  the  occipital  process.  In  allusion  to  this  common 
characteristic  feature,  I  suggested  for  the  group  the  title  of  Cephala- 
eanthus;*  but,  as  Mr.  Walcott  has  pointed  out,  this  term  must  give 
way  to  Holmia,  the  suhgeneric  title  published  by  Mr.  Matthew^ 
in  June,  1890,  for  Olenellus  {Holmia)  Kjerulfi,  Linnrs.,  the  first 
discovered  species  of  the  group. 

Olenellus  Cailavei  not  only  agrees  with  01.  Kjerulfi  in  its  general 
characters,  but  in  the  conspicuous  development  of  the  interocular 
spines,  in   the  existence  of  a  faint  ridge  sweeping  back  from  the 

*  Geol.  Mao.  etc.,  loc.  cit.  supra.     Fauna  Oltnellw  ZoiLe<t\^^,  64Q-^<.V. 

»  Gjsol.  Mao,  \bSH,  p.  641. 

'  MMUhew,  TrsDs.  Boy.  Soc.  Canada,  ISW,  i^.  \^^. 


)/:  C.  Lapirorih — On  Olenellua  Callacei, 

the  axia  of  the  glabella  jiist  in  advance  of  the  necfc 
1  iJotible  cLaracter  of  the  lobes  and  furrows  nf  liie 
ind  in  ihe  form  anil  position  of  ihe  eyes.     It  tliffera 
(  in  iiB  Inrger  xize,  and  more  compact  habit;  in  tlie 
oa  of  the  glabella  towards  the  front,  in  the  nmt-h 
iinenl  of  the  occipital  qiine,  and  in  tbo  falcate  chanic- 
lual  parts  ol  the  pleune. 

agrees,  on  tlie  ctlier  hand,  with   01.  BrOggeri  in  nil 
which  distinguish  the  former  imm  0.  Kjerulji;  and 

orwegian  forniB.     In  Rddiiion,  a  minor  distinotiun  ia 
the   much  greater  extension  of  the  genal   and  inter- 
8  in  0.  Calhvei  than  in  0.  BrOggeri,  and  a  much  lesser 
e  great  occipital  spine. 

dedicated  to  nij  friend  Mr.  Charles  Callaway,  D.Sc., 
na  the  first  to  detect  organic  remains  in  the  Comlry 
the  first  to  demonstrate  the  presence  of  tme  Cambrian 
ipshire  generally;  and  whoee  original  and  sagacious 
the  probable  pre-Camhrian  age  of  the  unconformably 
:ks  the  discovery  of  Oleiiellw)   places   beyond   much 

:o  the  fragmeuts  upon  which  the  foregoing  descriptiuii 
y  drawn  up,  a  few  figures  (Figs.  '2i  iiud  'JS)  are  given 
of  younger  esamples  of  the  specieB,  in  which  the  same 
enliires  will  be  recognized. 
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The  generic  position  of  the  two  charaoteristic  forms  of  the  Lower 
and  Upper  Divisions  of  the  Comley  Series  being  thus  settled,  the 
descriptions  of  the  less  important  associated  forms  may  conveniently 
be  deferred  to  a  more  favourable  occasion. 

We  possess  in  the  foregoing  facts  sufficient  palsBontological 
evidence  to  establish  the  Lower  Cambrian  age  of  that  part  of  the 
Comley  series  which  contains  the  genus  Olenellus;  and  we  have 
now  obtained  stratigraphical  and  palmontological  proof  that  it  is 
succeeded  at  once  by  the  so-called  Middle  Cambrian  or  Paradoxidian, 
Further,  as  Dr.  Callaway^  originally  pointed  out  some  years  ago, 
the  Holly  bush  (or  Comley  Sandstone)  series  is  followed  in  turn 
by  the  Shineton  Shales,  which  contain  locally  a  fauna  of  highest 
Cambrian  age.  In  these  Central  Shropshire  rocks,  therefore*  the 
Comley  and  Shineton  Groups,  which  constitute  an  integral  part  in 
this  district  of  Murchison's  original  Lower  Silurian,  and  have  a 
collective  thickness  of  perhaps  less  than  3000  feet,  we  have  apparently 
a  condensed  epitome  of  the  entire  Cambnan  system  as  at  present 
generally  defined. 

Here,  as  elsewhere,  we  find  the  Cambrian  divisible  into  three 
sections  —  an  Upper  Cambrian  above,  marked  by  the  presence 
of  the  genus  Olenua  (Olenidian) ;  a  Middle  Cambrian  group  with 
Paradoxides  (Menevian  or  Paradoxidian) ;  and  finally  a  Low^^r 
Cambrian  (Olenellus  zone)  or  basal  group  (possibly  of  somewhat 
dififerent  systematic  importance),  diHtinguished  by  the  presence 
of  Olenellus,  No  one  has  yet,  so  far  as  I  know,  suggested  any 
general  title  for  the  basal  division  of  the  Cambrian.  BecoUectinvc. 
however,  that  the  very  first  discovered  species  of  the  genus  Olenellus 
was  named  and  figured'  by  the  Amencan  geologist.  Dr.  Emmons,  as 
early  as  1846  from  the  rocks  of  his  Taconic  or  Taconian  system ;  and 
was  claimed  by  him  as  early  as  1853 '  as  coming  from  strata  older 
than  any  of  the  fossil-bearing  Silurian  (including  the  Primordial 
zone)  then  discovered ;  while  even  at  the  present  day  the  genus  holds 
its  own  as  marking  a  distinct  and  identifiable  life-zone  in  the  strata 
of  Emmons'  typical  Taconic  area;  it  would  be  very  convenient  if 
geologists  and  palaBontologists  generally  would  agree  in  calling  it 
the  Taconian. 

In  my  short  paper  already  referred  to,  "  On  the  Discovery  of  the 
Olenellus  Zone  in  Britain,"  I  drew  a  few  provisional  inferences, 
novel  at  that  time,  but  thrown  out  then  as  "constituting  a  pro- 
visional  working  hypothesis,  of  service   mainly   as   a  guide  and 

Tar.  Harlani  (Green)  and  Par,  Davidis  (Salter).     Length  8  to  9  inches,  breadth  6J. 
Head  semi -circular,  with  pointed  ^enal  spines  from  two  to  three  inches  in  length. 
Glabella  prominent,  clavate,  more  than  hall  its  length  being  occupied  by  the  broadly 
rounded  and  smooth  frontal  lobe.    Bvpostotna  of  the  type  of  that  of  Far.  Bohemicua 
(Boeck).     Pleura  (no  ?)  falcate,  and  sharply  pointed.     Pygidium  a  raised  disc  with 
central  tubercle ;   embraced  laterally  by  long,  sabre-like,  distally-diverging  spines. 
Zoealities,    Neves  Castle  (Lapw.,  1889)  and  Comley  (Groom,  1890).     Named  after 
T.  Theo.  Groom,  Esq.,  B.Sc,  who  first  collected  fragments  sufficient  for  description. 
1  C.  Callaway,  **  Upper  Cambrian  Rocks  in  South  Shropshire,"  Q.  J.G.S.  1877, 
p.  652,  et€. 
'  AB^EUipiocephalaataphoidei,  Emmon8,TacomcS^fttem,\^\fc^^AVi^^^^A>'l^'^' 
'  Emmons*  Am&ican  Geologj,  1855,  pt.  ii.  pp.  ^  Qi,xi^  1  >  «\a. 


^^^^^^^^H 
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somewhat  instructive  to  note  how — taking  ibe  piiblica- 

id  opinion   in  this  department  h(w  advanced    in  the 
i»a  theoretical  conclusions  were  three  in  number,  and 
of  comparison — tlie  contrasts  between  them  (as  pam- 
their  orif;inal  crude   form),   and  their   present   aspect 
can    be  deiJuced   from   Ibe   actual   slate   of  geological 
ly  very  briefly  be  Biiuimorized  aa  follows  : — 

ihe  rricoEian  Serits  of  Dr.  Calluwaj,  and  to  rendtr  lie  pte-Canibrin 

,  ProfeBBor  Blake,  who  has  of  late  years  added  very 
1.  value  to  our  knowledge  of  the  Cumbrian  and  pre- 
:ks,  unhesitatingly  assigns  the    lower  zones    of   ths 
iries  of  Callaway  to  bis  own  Monian,  or  p re-Cambrian.' 
>,  after  studying  the  O/eneUiic-zone  and  the  overlying 
g  rocks  in  the  field,  has  frankly  expressed  bis  view 
nian  may  be  of  pre-Cambrian  age.'     Finally,  the  fact 
ird  in  the  presenl,  pnper — namely  that   rep  res  en  ta  lives 
livisions  of  tlie   true  Cambrian,  as  at  present  acknow- 
stually  known  lo  occur  iu  Central  Shropshire,  being 
instituting   an    integral    part   of   Murcbison'a    original 
in,— renders   it  very   unlikely   that   the   Longmyudian 
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Series  fixes  the  pre-Cambrian  age  of  the  Torridon  Sandstone. 
Again,  Dr.  Eatzer^  has  shown  that  the  strata  of  the  Bohemian 
Urgeberge  (the  Cambrian^  of  Barrande  and  Murchison — Stages  A. 
and  J{.)  lie  (at  least  locally),  unconformably  below  the  rocks  of  the 
true  Cambrian  or  Primordial  zone  (a  conclusion  recently  confirmed 
by  Dr.  WentzeP)  and  must,  therefore,  be  now  classed  as  pre-Cam- 
brian or  Archaean.  In  precisely  the  same  way  in  two  recent  and 
most  valuable  memoirs  by  M.  Bergeron  and  M.  Bigot  we  are 
presented  in  one  area  (N.W.  France)  with  dear  physical  proofs,* 
and  in  another  (Languedoc)  with  actual  palsdontological  evidence,^ 
that  the  condensed  Cambrian  of  Central  Britain  is  apparently  pro- 
longed through  France  from  the  Channel  Isles  to  the  Montague 
Koire  ;  and  as  a  consequence  the  underlying  (often  unconformable) 
schists  of  St.  Lo,  etc. — t.e.  the  Cambrian  of  Dalimier,  Dnfrenoy 
and  Murchison — may  now  be  regarded  as  of  Archeean  or  pre-Cam- 
brian age. 

Thus  while  we  have  still  very  much  to  learn  respecting  the  fossils, 
the  component  members,  and  the  local  development  of  the  ancient 
Palaeozoic  strata,  and  while  we  must  admit  that  many  of  our  present 
inferences  and  conclusions  lie  open  to  improvement  and  correction 
by  future  investigation  and  discovery — the  students  of  these  old 
rocks  (however  much  they  may  conscientiously  differ  in  the  pro- 
visional nomenclature  in  which  they  clothe  their  facts)  have  now 
all  more  or  less  attained  to  the  conviction  that  we  are  at  last 
reaching  a  satisfactory  homotaxial  base  to  the  Palaeozoic  rock-series. 
We  now  see  that  the  Lower  Palaeozoic  cycle  of  formations  (the 
Protozoio  or  Protogean)  or  the  Silurian  of  Murehison's  *  Siluria '  and 
Barrande's  '  SysUme '  has  proved  itself  to  be  a  geological  cycle  of 
the  first  order.  We  agree,  in  principle,  that  it  is  made  up  (like 
each  of  the  succeeding  great  cycles),  of  three  sub-equal  groups*  or 
systems — an  Upper  system  (the  Silurian  proper,  or  Salopian)  a 
Middle  system  (the  Ordavician)  and  a  Lower  system  (the  Cambrian), 
This  lower  system,  like  each  of  the  two  systems  above  it,  has  now 
shown  itself  divisible  in  its  turn  into  three  sections — an  Upper 
Cambrian  (Olenidian),  a  Middle  Cambrian  (Paradoxidian)  and  a 
Lower  Cambrian  (Taconian). 

Underneath  this  Cambrian  lie  sometimes  conformably,  sometimes 
nnconfonnably,  the  strata  of  the  mysterious  cycles  of  the  Pre- 
Cambrian  (or  AjTchaean).  Of  these,  certainly  the  rocks  of  the 
unaltered  divisions  (the  Eozoic  or  Eogean  cycle)  are  now  so  well 
circumscribed  geographically  that  there  appears  little  to  hinder  their 
detailed  study  and  investigation  by  an  extension  and  development 

^  Dr.  Fr.  Katzer,  Das  altere  Palseozoicam  in  Mittel  Bdhmen,  Prague,  1888,  pp.  6, 7. 

'  Siluria,  4th  edition,  p.  273. 

'  Dr.  Josef  Wentzel,  Die  Beziehungen  der  Barrandischen  Etagen  C,  D,  £  zum 
Britischen  Silur.,  Jahrbuch  d.  k.  k  Reichsanstalt.  Wien,  1891,  p.  119. 

*  A.  Bigot,  L'Arch^en  et  le  Cambrien  du  Massif  Breton,  Cherbourg,  1890, 
pp.  25,  73,  etc. 

^  J.  BeijBperon,  Etude  gdologique  du  Massif  ancien  du  Plateau  Central,  Paris,  1889, 
p.  78,  pi.  u. 

'  The  Siiurim  tup^risur,  Siiurim  flMyiM,  and  SiUiritH  it\fVriiwr  tw^Kft>Qi:^^^>^V 
tiuyoanger  Fxmuik  gMJogiilk 
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lies  which  have  been  employefl  in  satisfactorily  deter- 
er  and  t!ie  oharnoi eristic  organic  remains  of  the  more 
Surely  it  is  not  too  much  to  hope  lliaC  the  <!ay  is  fiat 
hen  tiiese  Eozoic  formations  will  be  re<luoed  to  their 
as  foBsil -Waring  syBtems,  ooniiiarsble  in  all  rpspecM 
1  greiUev  pnucily  of  their  organic  remains)  with  the 
systems  which  at  present  form  the  aooepted  members 
■o logical  scale. 

EXPLANATION   OF  PLATE  XIV. 

the  lobes  anii  [mrowa,  and  ibe  broken  base  of  the 

occipitn!  B|dnB. 

-   Do.     Side  devBliom, 

(JccipiWl  lobe  with  bsM  of  oentnl  prooen.    Posterior 

Praemenl  of  bEndar  part  irf  glabelln.  etc..  from  aboTO, 

Aaning  ,ae  and  loagth  of  ■  broken  oimpilal  spine. 

Do.     Sid^eleTalion.                                     '^ 

Fragment  of  part   of    head,    BhoWiag    margioa!  and 

Teminai  part  of 'tree  clieek  with  mw^nal  rid^e,  anJ 

genal  and  "  intfrocnlar  "  spinea. 

Ho.     Another  Bnd  smaller  ewmple. 

Ejf  lobe. 

iJo.     Smnller  einmple. 

Une  of  Ihp  nnterior  »p(;ment«  of  the  nxif,  Bbowing  the 

fiirm  nnd  piirtition  of  the  mediau  spiuo. 
Do.     From  ctntral  parts  of  biib. 
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more  studied  in  detail  they  will  be  found  to  present  more  diversity 
of  type  than  is  usually  supposed. 

I  will  first  note  the  occurrence  of  a  variety  of  rook  not  previously 
recorded  in  this  district.  It  is  a  quartz-andesite,  or  dacite.  It  is 
exposed  on  the  ridge  between  Greenburu  and  Wythebum,  not  very 
far  from  Dunmail  Raise,  and  near  to  a  new  wire-fence  which  bounds, 
I  believe,  the  property  of  the  Manchester  Waterworks.  It  is  a 
dark-coloured  rock,  on  a  newly-fractured  surface  of  which  are  seen 
numerous  light  spots  of  porphyritic  felspars,  and  some  of  calcite, 
with  many  grains  of  quartz,  some  of  good  size.  It  was  the  grains 
of  quartz  which  instantly  attracted  ray  attention  to  this  rock  when 
a  bit  was  chipped  off  it  in  passing  the  exposed  crag. 

Under  the  microscope  these  grains  of  quartz  are  seen  to  be 
corroded  and  eaten  out  into  '*  bays  and  gulfs,"  and  their  nature  as 
true  constituents  of  the  rock,  and  not  extraneous  fragments,  is 
vouched  for  by  their  enclosures  of  ground- mass.  None  of  them 
show  definite  crystalline  form.  In  addition  to  the  larger  porphyritic 
grains,  some  very  small  ones  are  seen  among  the  ground- mass,  but 
not  abundantly. 

The  many  porphyritic  felspars  are  fairly  well  preserved.  They  are 
pla^ioclase,  mostly  well  twinned,  sometimes  on  both  albite  and 
pericline  systems.  So  far  as  may  be  inferred  from  the  extiction- 
angles  of  symmetrically-extinguishing  twins,  the  chief  felspar  present 
appears  to  be  oligoclase. 

The  porphyritic  ferro-magnesian  constituent  appears  to  have  been 
mainly,  if  not  wholly,  biotite,  which  was  abundant.  The  outlines 
and  cleavages  of  the  numerous  large  individuals  are  still  quite 
preserved,  but  great  alteration  has  taken  place  into  chlorite,  epidote, 
and  indeterminable  matter,  probably  partly  carbonates  and  ferric 
oxides. 

I  have  not  met  with  any  other  andesite  in  the  district  in  which 
biotite  can  be  recognized  as  present,  or  formerly  present,  nor  am 
I  aware  of  any  such  rock  having  been  recorded.  My  impression 
is  that  biotite-andesite  was  very  sparingly  represented,  though  of 
course  it  is  possible  that  the  chlorite,  so  abundant  in  some  cases, 
may  partly  represent  former  biotite;  but  in  that  case  we  should 
expect  to  sometimes  see  recognizable  pseudomorphs,  as  one  so 
frequently  does  in  these  rocks  after  augite. 

The  ground-mass  of  this  quartz-andesite  consists  of  a  network  of 
small  felspar-laths,  intermixed  with,  and  at  places  more  or  less 
obscured  by,  grains  of  chlorite,  epidote,  sphene,  calcite,  and  other 
matter,  as  is  usual  in  all  these  rocks.  In  the  greater  portion  of 
it  the  felspars  are  very  distinct  and  fresh,  and  allow  of  optical 
measurements.  They  are  largely  untwinned,  the  rest  being  binary 
twins.  Extinctions  are  either  quite  parallel  or  at  very  low  angles. 
We  may  conclude  that  there  is  oligoclase,  and  most  likely  some 
orthoclase  present  So  far  as  can  now  be  made  out,  very  little, 
if  any,  glass  was  present  in  the  original  rock.  There  are  many 
good-sized  crystals  of  apatite,  and  zircons  are  m\ift\i  tcvot^  XkXwsiRx^ixiA 
thaa  in  the  ubuoI  looal  andeaites.    The  Bp.  g.  ol  \Xi<^  \axA-^'^^\^«ss^ 


I^^^B^^^^I 
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is  2  7i.  and   the  HlioB-perx>enlage  ie  6045.      Roth 
lUtsMe   figures   for   silica   reoorded   for  daciles,   6^-13 
i5-91  per  cent,  respectively,  tbe  latler  being  from  an 

It  is  not  likely  that  the  figure  obtained  by  me  for 
:rict  dncite  quite  represents  the  original  peruentst^e, 
S  by  the  alttratioas.  wm  probably  a  litlla  higher, 
iy  not  nearly  high  enough  to  place  the  rock  anioD(i; 
iniiesiteB.     We  have  here,  then,  a  well-clmracterizeJ 
and  it  ia  likely  tliat  this  or  a  similar  rock  will  bo 

al  other  pointH  besidi*  the  one  indicated. 

k  occnrring  above  Eaaedale  Tarn,  Grnamere,  on  the 

,angdale,  itt  a  conspicuous  repreeentative  of  the  other 

series  of  Lake  DiHtrict  rocks.     It  is  a  dolerit«,  a  guod 
ic  than  any  described  by  Mr.  Ward,  and  differing  in 
m  any  hitherto  recorded  in  the  district     It  \a  a  very 

rock,  easily  reco^ized  with  a  pocket-lens  as  a  rather 

dulerile,  without  any  porphyritio  structure.      Micro- 
iiion  shows  it  to  be  made  upof  augite  and  plagioclasa- 
iisu.il  alierati  on -products.     Augile   ia   abundant,  and 

still  quite  fresh.     It  eiisted  originHliy,  apjiarently, 
?giilar  grains,  mostly  of  griod    size.     The    rock   has 
isiderable  criisliing   and   shearing,  and   many  augite- 
■ked  in  several  jilaoea,  the  cracks  being  cemented  wilh 
otne  cases  large  grains  have  been  completely  shattered 
gments,  now  l.ving  among  chlorite  and  calcite,  due 

jr.  M,  Hutchings — On  some  Lake-Butrict  Rocks.       539 

tinguishable.  There  appears  to  have  been  a  good  deal  of  interstitial 
glass  originally,  but  it  is  now  devitrified,  and  obscured  by  alteration. 
The  sp.  g.  is  2*82  and  the  silica-percentage  51*35.  This  rook, 
then,  corresponds  to  a  porphyritic  augite-dolerite,  or  probably,  more 
oorrectly,  basalt. 

Turning  to  the  andesites,  there  is  a  type  of  them  abundantly  repre- 
sented at  one  part  of  the  district,  and  apparently  recurring  at  several 
other  points,  which  is  very  interesting  and  differs  in  several  ways 
ftom  the  nsual  varieties  as  described  by  Mr.  Ward,  or  as  summarized 
by  Sir  A.  G^ikie  (Presidential  Address  to  Geol.  Soa  1891).  It 
consists  of  rocks  of  mostly  a  grey-green  or  grey-blue  colour, — a 
colour  not  easy  to  exactly  describe, — with  resinous  lustre  and 
extremely  splintery  fracture.  On  a  newly-broken  surface  small 
dark  spots  are  seen,  but  hardly  ever  any  sign  of  a  felspar,  and 
when  seen  th^se  are  very  small.  These  particular  rocks  are  exposed 
largely  at  Barter  Fell,  Mardale,  making  the  main  part  of  the  cliff 
facing  towards  Ha wes water  ;  on  the  ascent  from  Nan  Bield  Pass  on 
to  High  Street ;  and  in  cliffs  on  the  right  side  of  Eentmere  Valley, 
some  distance  below  the  reservoir. 

A  series  of  sections  prepared  from  specimens  taken  at  all  three  of 
the  above  localities  shows  that  the  rock  is  essentially  the  same  in 
nature  at  all  of  them.  There  are  numerous  felspar-crystals,  sharp 
in  outline,  though  inwardly  much  altered,  porphyritic  in  a  ground- 
mass  which  originally  varied  from  a  wholly  glassy  base  to  an 
intimate  mixture  of  glass  and  exceedingly  minute  felspar-microlites. 
There  are  chlorite-pseudomorphs  after  augite,  distinct  in  form,  as 
well  as  indefinite  patches  and  streaks  of  chlorite.  The  entire  ground- 
mass  is  permeated  by  chlorite  in  minute  flakelets,  with  small  granules 
of  epidote,  calcite,  and  other  matter. 

Sections  from  the  summit  of  Harter  Fell,  close  to  the  double  cairn, 
show  a  good  deal  of  perfectly  fresh  augite  as  well  as  many  pseudo- 
morphs.  The  ground-mass  here  consists  nearly  wholly  of  devitrified 
glass ;  a  dimly-polarizing,  speckly,  felsitic  mass  with  scarcely  any 
felspar  microti tes  at  all.  Sections  from  Eentmere,  again,  have  a 
ground-mass  of  the  most  typical  *'  hyalopilitic  "  nature,  wherein  the 
same  devitrified  glass  is  quite  full  of  tiny  laths  and  needles  of  felspar, 
showing  well-developed  flow-structure  round  the  porphyntic  felspar- 
crystals.  The  largest  and  most  clearly-developed  of  these  felspar- 
needles  are  close  around  roS^^th  inch  in  length  and  extinguish  quite 
parallel.     The  average  size  is  very  much  less. 

There  is  no  doubt  that,  though  varying  more  or  less  in  detail  from 
place  to  place,  and  even  within  very  short  distances,  we  have  here 
an  altered  augite-andesite  of  a  much  more  vitreous  nature  than  the 
dominant  type  of  lavas  of  the  Lake  District.  A  characteriKtio 
specimen  from  above  Nan  Bield  has  the  sp.  g.  2*65  and  a  silica- 
percentage  of  57*55.^ 

1  Mr.  Ward  refers  to  rocks  of  a  )^y-blue  colour,  very  compact,  which  are 
4Nitwardlj  not  unlike  those  above  described.  The  closest  resemblance  is  in  a  lava 
itonk  near  Lodore  Hotel,  which  is  singled  out  b'y  Vv\m  o\i  u.<i^q>kdX  ^V  VNs^  "cw^^- 
parpbjrriiic  imtare  and  the  smallness  of  its  felspax-ueedVM.    H%^n«^^^s^^^«c«^ 
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ly  similar  to  the  above,  macroscopicsUy  and  mtero- 
expoeed  on  both  sides  of  Easedale  Tarn,  Grasiiiere. 
frum  Ihe  right  side  of  tlie  Tarn,  is  veiy  much  nli^rHd 
ed  with  calcite  and  other  secondary  matter,  reduuing 
niRK^  lo  52'45.    Its  grouml-raass  appenrs  to  have  been 
iM,    and    porphyritic    felspars,    etc.,    are   very   scarce. 
m  the   opposile    side  of   the  Tarn    are  a^iii   full  of 
-needles,  are  less  altered  (free  from  calciie),  and  have 
tape   of   60-76;    hut  here  also  the   poi-phyritio  con. 
uch  leES  abundant  than  at  Harter  Fell,  etc. 
vilreouB  and  minutely  "hyalopililio"  varieties,  wfl 

le  more  usual,  muoh  coarser- grained  andesites,  aa  iva 
lem  in  Mr.  Ward's  descriptions. 

ng  example  is  exposed  in  a  small  disused  quarry  hy 
>  road  from  Seatoller  to  Seathwaite.     The  rock  is  grey 
reen.  showing  dark  spots  of  chlorite,  but  no  felspars 
It  ia  very  fiBsile,  splitting  inio  tolerably  thin  plates, 
s  more  nearly  to  a  alaty  cleavage  than  any  other  lava 
in  the  district  ;   though  I  am   told  there  are  cases  of 
■e  fiufiiciently  cleaved  to  he  worked  for  ronfing-slales, 
iiasB- felspars   in   seciions    from    this  quarry  are   slill 
fjer  than  in  the  rocks  just  described,  miiging  up  to 
:\i    as   maTimiim.      Porjihyritic  felspars    are   greatly 
nimoat  wholly  replaced   by  oalcile,  and   deformed  by 
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a  matter  of  individual  taste,  so  many  are  the  systems  oflfered  to  us. 
For  my  own  part  I  think  a  very  much  clearer  idea  of  the  rocks  is 
conveyed  by  the  more  usual  method  of  separate  grouping  of  andesites 
and  basalts  (using  the  name  doUrtte  exclusively  for  non-vitreous 
rocks) ;  as  is  exemplified  in  the  classification  given  by  Dr.  Hatch 
("  Introduction  to  the  Study  of  Petrology  ").  Various  stages  of  the 
passage  from  one  to  the  other  extreme  may  then  be  clearly  indicated 
by  the  use  of  the  adjectives  hasaltie  and  andeaitie  respectively, 
according  to  whether  we  wish  to  specify  an  andesite  which  is 
tending  towards  a  basalt,  or  a  basalt  which  is  tending  towards  an 
andesite.^ 

While  on  this  subject,  it  is  difficult  to  see  why  we  should  retain 
in  use  the  word  *' porphyrite  "  for  altered  andesites  like  those  of  the* 
Lake  District.  The  supposed  differences  between  rocks  of  different 
geological  age  being  no  longer  admitted  among  English  petrologists, 
and  bound  to  vanish  also  in  Germany  sooner  or  later,  why  retain 
any  of  the  names  which  are  connected  with  the  obsolete  system  of 
classification,  and  which  appear  wholly  superfluous  when  once  this 
is  discarded?  As  some  writer  has  said,  I  think,  in  effect,  why 
should  we  have  a  separate  name  for  an  old  and  altered  rock,  any 
more  than  we  have  a  separate  name  for  a  man  because  his  hair  is 
grey  and  his  teeth  no  longer  well  preserved?  Such  names  only 
burden  the  memory,  obscure  ideas,  and  open  the  way  for  confusion, 
because  they  are  so  liable  to  be  used  in  different  senses  by  different 
writers.  It  is  better,  and  specially  so  for  younger  students,  to  use 
two  words  (or  a  whole  sentence  if  necessary  1),  and  to  convey  a 
clear  and  uninistakeable  idea  by  their  means,  than  to  use  one  word 
which  itself  needs  a  definition  attached  to  it,  and  very  likely  has 
several  different  ones.  Why  should  not  such  words  as  porphyrite, 
melaphyre,  propylite,  and  very  many  more,  disappear  into  the 
lumber-heap  ?  They  are  only  a  stumbling-block  to  beginners,  and 
an  unnecessary  addition  to  a  nomenclature  too  much  burdened  with 
dreadful  names  in  any  case. 

The  regular  types  of  andesites  of  the  district  have  in  their  ground- 
mass  a  felspar  which  shows  very  small  angles  of  extinction,  and 
sometimes  extinguishes  parallel. 

It  seems  tolerably  safe  to  assume  that  oligodase  largely  prevails, 
and  it  is  very  probable  that  orthoclase  is  also  frequently  present 
But  there  are  also  rocks  in  which  these  optical  tests  show  a  felspar 
allied  to  labradorite  to  be  present  in  the  ground-mass.  Labradorite 
does  not  appear  to  be  usually  recorded  as  existing  in  the  ground- 
mass  of  normally  acid  andesites.  In  some  of  the  lavas  on  Dale 
Head,  etc.,  examples  of  it  may  be  seen,  lavas  which  are  very  full  of 
porphyritic  felspars  and  are  unquestionably  andesites. 

^  Mr.  Teall  uses  the  term  ^'andesitic  dolerite"  on  seyeral  occasions,  pointing  out 
that  some  aathors  would  simply  call  such  rocks  augite-andesites ;  and  he  adds  the 
rery  sensible  reminder  that  *<it  is  a  matter  of  indifference  what  we  call  them, 
provided  we  recognize  their  true  characters  and  relations  "   (British.  Petx<^^cv^^^^x 
pp.  194,  195j. 
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I  Sefitollor  Fell  is  of  Bome  interest.     It  is  a  very  com. 
k,  tjuite  free  from  vesioles.     Its  Diimerous  porphyrilio 

II  much   altered,   though  still   perfect  in   outliue  soA 
the  gronnd-niass.   There  are  no  definitely  recognizable 
:iii.>rpha  of  chlorite   after  RUf^te,   though   good    large 
irite  are  present.    The  groutia-masa  consists  of  perfectly 
nihs  of  a  rather  larger  size  than  usual,  all  twinned, 
by   many  extinction  measurements  that  lahradorile  is 
lese    felspars    lie    in   among  a  ye  How- brown,    diriily- 
rtiftUy    devitrified   glassy    base,   full  of    minute    dwk 

The  amoimt  of  this  base  is  considerable.  In  among 
nd  glass  are  a  large  number  of  good-sized  irregular 
,-  pale-green  homhleode.  which  is  dearly  seonndary 
igite.  In  many  cases  the  felspars  penetrate  the  horn- 
loauner  showing  that  a   certain   amouat   of  ophitio 

present,  but  more  usually  the  grains  lie  wedged  in 
■med  by  the  felspira.  There  are  also  Dumerous  bits 
Lirring  in  exactly  the  same  manner  as  tho  hornbleniie. 

rock  must  have  contained  a  considerable  amonnt  of 
form,  but  none  of  it  is  now  seen  nnallered.     1'here  ii 

fint'ly  disseminated  chlorite   and  grains  of  epidote. 

appears  lo  represent  a  smaller  gpneralinn  of  aiigite  in 
las.  The  ap  g.  is  2-8S,  and  the  silica- percentage 
■ock  would  have  to  !»  classed  as  "  andesitic  basalt." 

secondn^^iftij^iigit^^in^^l^nviiien^^l^^ 
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mention.  It  is  a  grey-green,  highly  vesicalar  rock,  the  vesicles 
now  filled  with  chlorite  and  chalcedony.  In  thin  sections  the 
difference  alladed  to  is  apparent  in  the  felspars  of  the  ground-mass. 
These  to  a  very  large  extent  consist  of  untwinned  laths,  many  very 
elongated  in  proportion  to  breadth,  and  extinguish  mainly  quite 
parallel  to  their  length.  Such  of  them  as  are  twinned  are  almost 
without  exception  binary  twins,  and  of  these  a  large  proportion 
extinguish  simultaneously  and  again  quite  parallel,  or  at  very  low 
angles.  There  are  a  good  many  square  tabular  sections  also  seen, 
more  than  in  any  other  local  andesites  examined.  The  laths  are 
of  various  sizes,  and  pass  down  to  very  small  ones  with  mainly 
forked  and  ragged  ends.  So  far  as  optic  discrimination  in  thin 
sections  is  a  guide,  the  felspar  in  this  ground-mass  seems  to  be 
mainly,  if  not  almost  wholly,  orthoclase.  lliere  is  a  good  deal  of 
devitrified  interstitial  glass  and  the  usual  amount  of  diffused 
alteration -products.  The  porphyritic  felspars  are  still  fairly  fresh, 
and  several  of  them  in  some  of  the  slides  examined  appear  to  be 
orthoclase,  while  in  others  they  are  wholly  plagioclase,  the  ground- 
mass  remaining  as  above  described.  In  one  hand-specimen  thei-e 
are  large  groups  of  felspar  crystals  clustered  together  in  the  manner 
described  by  Mr.  Teall  in  the  case  of  the  Tynemouth  Dyke ;  that  is, 
they  are  idiomorphic  towards  the  outside  of  the  group,  and  allotrio' 
morphic  inside  it  Some  of  these  groups  are  so  large  that  they  give 
the  effect,  on  fractured  surfaces  of  the  rock,  of  being  infillings  of 
good  large  vesicles  with  felspar,  but  the  microscope  shows  their 
true  nature. 

Some  of  this  rock  was  prepared  for  analysis  by  crushing  moderately 
small  and  picking  out  sufficient  bits  quite  free  from  vesicles  or  their 
contents.  The  analysis  was  kindly  made  for  me  by  Dr.  J.  B.  Cohen, 
of  Owens  College,  and  is  calculated  on  dehydrated  rock : — 
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These  figures  would  stand  equally  well  for  a  trachyte  or  an 
andesite,  the  proportions  of  the  alkalies  being  much  the  same  as  in 
many  analyses  given  of  trachytes;  agreeing  for  instance  almost 
completely  with  one  of  the  "  typical  analyses  "  given  by  Professor 
Cole  in  his  "  Aids  in  Practical  Geology."  It  appears  that  whether 
a  magma  of  certain  composition  will  consolidate  as  trachyte  or  as 
andesite,  depends  largely  on  conditions  other  than  purely  chemical. 
The  rock  in  question  is  not  a  trachyte,  but  it  would  become  one  by 
a  very  moderate  degree  of  further  differentiation  from  the  accom- 
panying andesites.    Kocks  with  a  closely  &vm\lBtx  Qx\.\iQOk&»j^  ^^\^\^^-^ 
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I  apparently  ortboclase  porpfayritio  crystals,  oocur  alao 

inliliely  tlint  nndoiilited  trncbytes  may  be  founJ  in 

let.     Sir  A.  Geikie,  in  his  address  above  referred  to, 

teneral  resemblance  of  these   lavas  to   tbe   "  porphy- 

lld  Ked  Sandstone  in  Scotland,  and  Dr.  Hatcli  qnotes 

"rofesBor  Jndd  for  tlie  fact  tliat  "escelleut  sanidine- 

imong  theae  rocks  at  Haddington  ("Introduction 

■f  Petrology,"  p.  lOfl).     Some  lapilli  seen  in  certain 

list  that  good  trachytes  exist  aomewhere  among  tLe 

)  states  that  from  the  observations  of  himself  anij 
I  the  rocks  of  the  Lake  District,  he  concludes  that 
I  abundant  among  them,  relatively  to  "ashes." 
Ived  by  Mr.  Ward  in  his  Survey  Memoir  and  other 
this  conclusion  it  is  probable  that  most  workers  in. 
[Ill  now  agree.  But  there  nre,  of  course,  many  oases 
s  not  seem  possible  to  <lecide  whether  they  are  flows 
ill  the  field  or  with  the  microscope, — certainly  not 
""  a  diiliciilties  of  this  kind  of  oxamitialion  are 
y  a  little  gloomily!)  put  forth  in  a  paper  hy 
I  On  Ciinimunity  of  Structure  in  Rocks  of  Dissimilar 
i.  Jtxxv.  1679),  and  anybody  who  may  be  in 
li/rratiug  these   difficulties,   or   of   getlin 
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III. — PaOLIDOPHORUS   QBRUANiaUS:  ^M  ADDITION  TO  THl  FiSH  FaDNA 

OF  THE  Uppbb  Lias  of  Whitbt. 
By  A.  Smith  Woodwam),  F.G.S.,  F.Z.S. 

SEVEBAL  Bpeoies  of  Vertebrata  are  now  known  to  be  oommon  to 
the  Upper  Lias  of  the  neighbourhood  of  Whitby,  Yorkshire, 
and  the  corresponding  formation  so  widely  developed  in  parts  of 
Wtirteinberg  and  Bavaria.  The  recent  discovery  of  another  link 
between  the  two  faunas  in  question  thus  seems  to  be  worthy  of 
placing  on  record.  Moreover,  the  latest  comparisons  render  it 
possible  to  assign  to  the  fossil  under  consideration  a  more  precise 
specific  diagnosis  than  has  hitherto  been  published  ;  and  the  an- 
nouncement of  the  discovery  may  lead  to  the  recognition  of  other 
specimens  besides  those  in  the  British  Museum,  with  which  alone 
as  yet  the  present  writer  is  acquainted. 

The  fossil  in  question  is  a  Lepidosteoid  fish,  long  ago  observed  by 
Quenstedt  in  the  Lias  of  Wurtemberg,  and  briefly  described  under 
the  name  of  Pholidophorus  germauicus}  A  figure  of  the  head  and 
anterior  portion  of  the  trunk  accompanies  the  original  description ; 
and  it  is  satisfactorily  proved  that  the  fish  is  a  typical  species  of  the 
well-known  early  Meso2soic  genus  to  which  it  is  referred.  It  is  the 
largest  known  Liassic  species  of  Pholidophorus,  attaining  a  length 
of  nearly  0*3  m. 

Two  almost  complete  examples  of  the  species,  and  four  more 
fragmentary  specimens  were  obtained  from  the  neighbourhood  of 
Wliitby  by  the  late  Sir  Philip  Egerton  and  the  Earl  of  Enniskillen. 
These  at  present  form  the  series  in  the  British  Museum.  They 
agree  precisely  in  all  their  characters  with  several  typical  specimens 
of  Pholidophorus  germanieus  from  Ohmden,  Wiirtemberg,  in  the  same 
collection ;  and  the  chief  points  of  specific  importance  are  noted  in 
the  following  paragraph. 

As  usual  in  Pholidophorus,  the  body  is  gracefully  fusiform  in 
shape.  The  length  of  the  head  with  the  opercular  apparatus  some- 
what exceeds  the  maximum  depth  of  the  trunk,  which  equals  about 
one-fifth  of  the  total  length  of  the  fish.  The  rugose  ornament  of  the 
head  and  opercular  bones — especially  that  of  the  cranial  roof — is 
very  fine  and  conspicuous ;  and  the  rugas  on  the  maxilla  and  dentary 
bone  tend  towards  a  longitudinal  striation.  I'he  pelvic  fins  arise 
slightly  in  advance  of  the  middle  point  of  the  trunk,  and  are  provided 
with  small  fulcra  (as  especially  well  shown  by  B.  M.  No.  P.  1058). 
The  dorsal  and  anal  fins  are  of  the  ordinary  small  proportions,  and 
the  former  is  directly  opposed  to  the  pelvic  pair.  The  scales  are 
large  and  nearly  smooth,  but  with  a  faint,  coarse  ragosity,  most 
conspicuous  in  the  caudal  region ;  their  hinder  margin  is  very 
slightly  convex,  and  not  serrated  ;  and  there  are  at  least  six  longi- 
tudinal series  of  flank- scales  much  deeper  than  broad. 

Of  the  characters  just  mentioned,  the  peculiar  ornament  of  the 
scales  seems  to  be  especially  distinctive,  and  renders  possible  the 

»  F.  A,  Quenstedt,  "Der  Jura"  (l86S),p.  W4,'|k\.xix,^^.^-W 
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i  of  frs;;tnent«.  The  feebly  marked  rng»  sre 
i,  nnd  towards  the  euperior  inart;iii  of  the  scales, 
Jrly  on  the  caudal  pedicle,  ihej  exhibit  a  tendency 
Beniont  in  a  eeries  of  shorl,  parallel,  vertical  folds. 


^EVDOTRIOXTX    VAOVL    TBR    BBiCKLESHtH    BbI)8. 
WoODWAED.    F.G.3.,    F.Z.S. 

I  genua  of  Chelydroid  OhelonianB  to  whieb  U.  Loitii 
'e  the  DHHie  of  Pieudotrionyx,'  baa  already  been  re- 
e  London  Cliij  of  Sheppey,  by  Mei-sre.  Lydekker  and 
t  is  BomewliHt  remarkahle,  however,  that  until  the 
on  by  (he  UritiBh  MiiBeiini  of  the  collection  of  Mr. 
ceriHiD  evidence  had  been  obaervi-d  of  the  occnrreDoe 
n  the  DrnokleHbam  Beds — the  English  equivalent  of 
Series    which   yielded    the    Belgian    Pteudotriongx 

a  ia  Btill  very  sinall,  but  appears  neverlhelesa  conolii- 
s  of  one  of  the  middle  marginal  bones,  well  preserved 
e  pit  for  the  reception  of  ihe  extremity  of  (be  rib. 
s  0-115  m.  in  length.  0-1)42  in  the  innximum  width 
that  of^liB  lower  ffice,  and  0-018  in  ibo 
angulation.  Both  the  upper  and  lower 
I   covered   with    the  cbariicterialio   ooarse,   but 
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A  portion  of  the  bony  skeleton  of  a  fish  of  the  same  species  was 
also  discovered  in  the  same  locality;  but  as  it  was  not  sent  with  the 
other  specimens,  it  has  been  neither  figured  nor  described. 

In  the  course  of  his  paper  Owen  repeatedly  refers  to  it,  and 
finally  concludes  by  saying,  ''  It  is  much  to  be  desired  that  the  rest 
of  the  skeleton  of  this  extinct  fish  should  be  figured."  No  attempt 
has,  hitherto,  been  made  to  carry  out  this  suggestion,  and  as  no 
record  of  this  interesting  specimen  exists,  I  have  therefore  visited 
the  Malta  Museum,  wherein  the  fossil  is  now  deposited,  and  have 
obtained  the  following  particulars  relating  to  it. 

The  specimen  is  oblong  in  shape,  and  measures  22|  inches  from 
the  snout  to  the  10th  dorsal  vertebra.  It  consists  of  a  fragment  of 
the  head,  and  a  portion  of  the  vertebral  column,  the  latter  of  which 
extends  as  far  as  the  10th  dorHal. 

The  vertebras  are  circular  in  shape,  and  they  form  a  continuous 
chain  which  curves  slightly  in  a  downward  direction.  They  are 
well  ossified,  but,  unfortunately,  most  of  them  have  been  badly 
developed  from  the  matrix,  and  their  characteristic  features  have 
thereby  been  obliterated.  The  1st,  2nd,  3rd,  and  5th  are,  however, 
in  an  excellent  state  of  preservation  ;  and  the  10th  vertebra 
distinctly  shows  deep  lateral  pits  longitudinally  extended.  Each 
vertebra  is  bi-concave,  and  its  body  is  somewhat  depressed  towards 
the  middle.  Compared  with  the  posterior  diameter,  the  antero- 
posterior diameter  is  much  the  shorter  of  the  two. 

Posterior  diameter  of  the  6tli  dorsal  Tertebra  ...  1}  inches. 

An tero -posterior  of  the  6th  dorsal  vertebra  ...  }  of  an  inch. 

Posterior  diameter  of  the  10th  dorsal  vertebra  ...  f        „ 

Antero-posterior  of  the  10th  dorsal  vertebra  ...  |        „ 

The  average  diameter  of  the  posterior  extremities  is  If  inches. 

Above  and  below  each  of  the  vertebrsB  exhibits  a  broad  protuber- 
ance, which  forms  the  base  of  a  long,  sword-shaped  spine,  the 
flattened  sides  of  which  lie  in  a  plane  with  the  vertebral  column, 
while  the  thin  edges  lie  in  the  direction  of  the  articular  facets. 
These  spines  are  anchylosed  with  the  neural  and  haamal  arches  of 
the  vertebrsB.  They  average  three  inches  in  length,  and  half  an 
inch  in  width.  The  neural  spines  spring  obliquely  upwards  and 
backwards  from  the  centrum,  while  those  on  the  haamal  side  spring 
obliquely  downwards  and  backwards,  and  gradually  become  shorter 
and  more  slender  as  the  caudal  extremity  is  approached. 

There  are  no  traces  of  scales. 

Considerable  portions  of  the  bones  of  the  head  have  been  pre- 
served in  the  limestone  matrix,  but  most  of  them  are  so  crushed  as 
to  be  quite  unrecognizable. 

A  fragment  of  the  left  branch  of  the  lower  jaw,  containing  a  tooth 
which  is  similar  in  every  respect  to  those  that  formed  the  subject  of 
Professor  Owen's  paper,  is  intact,  and  thus  afibrds  an  opportunity 
for  the  comparison  of  the  two  fossils. 

Highland  House,  St.  Julian's,  Malta. 
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r   OP  THR    CortiTBY    ARorND    Mallsrstaro,    with 

l\Ve!i.''LKyDALR,      SWALBDALB,     AND      AbKEKDALS.       By 

[H,  It.  H.  TtDDKsi\N,  R.  Husskll,  C.  T.  Clougb, 

IAN.     (Pnrls  by  J.  G.  Qoodchild,  C.  E.  Dr  Rancb, 

sml  F.  n.  Hatch.)     1801.    pp.213.     Price  3».  6(i, 

:ribeii  by  tbe  niimproUH  authom  in   this   Memoir  is, 

t  part,  an  elevated  tract  rising  2000  feet  and  more 

I've!,  and  including  the  BoiirceH  of  the  rivers  Ure  (or 

ind  Eden.     ITie  oldt^Bt  rocks  exposed  belong 

LimeetoDe  Series,  and  of  this  series   (be  Asbgill 

npper  part,  and  the  top  of  the  Lower  Silurian  (or 

!  lowoBl  division  in  the  overlying  Upper  Siluriim 

lown  as  the  Stockdnle  Ehales,  anil  it  is  remarked 

■determined  principally  on  pal  icon  to  logical  con  sidera- 

abrupt  change  from  the  faunn  of  the  beds 

I  any  Btratigrnphical  tinoonforuiity.     Succeeding  the 

'  3  ConiHton  Flags  and  Grits,  and  the  Utinnia- 

uncrin  form  ably  on  the  Silurian  rocks  comes 

'  icliiding    representBlives    of    the 
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divisions  of  the  Chalk  whioh  includes  the  Coprolite  Bed  of  the 
"  Cambridge  Greensand." 

About  half  the  work  is  devoted  to  Qlacial  and  Post-Qlaoial 
Drifts,  and  this  includes  notes  by  Mr.  Skertchly  on  beds  at  Culford, 
Mildenhall,  and  other  places,  where  he  obtained  worked  flints, 
believed  by  him  to  have  come  from  strata  older  than  the  Chalky 
Boulder  Clay ;  as  Mr.  Whitaker  remarks,  the  question  is  whether 
the  implements  were  really  obtained  from  the  beds  in  which  they 
were  reported  to  have  been  found. 

A  number  of  records  of  well-sections  are  given,  and  there  are 
supplementary  geological  bibliographies  of  Cambridgeshire  and 
Suffolk. 


3.  Explanations  of  Hobizontal  Sections. 

Nos.  130  to  139  have  been  prepared  by  Mr.  C.  Fox-Stbangwats, 
with  the  assistance  of  Mr.  H.  H.  Howell,  Mr.  Clement  Reid, 
and  Mr.  Gbobgb  Babbow.  They  give  concise  descriptions  of  the 
Jurassic,  Cretaceous  and  other  strata  in  various  parts  of  East 
Yorkshire.  Explanation  of  Horizontal  Section,  Sheet  140,  by  Mr. 
Horace  B.  Woodward,  describes  the  Jurassic  and  other  strata  along 
a  line  from  Bishopstone,  near  Hartwell,  to  near  '*thu  Centre  of 
England "  at  Wibtoft  in  Warwickshire.  These  explanations  are 
issued  to  the  public  at  the  modest  price  of  2d,  each. 


11. — Cabbonifeboits  Cephalopods.  By  Alphbus  Hyatt.  From 
Second  Annual  Report  of  the  Geological  Survey  of  Texas,  1890. 
pp.  329-356.     (Austin,  State  Printing  Office,  1891.) 

THE  descriptions  given  in  this  paper  were  taken  partly  from  a 
collection  forwarded  to  the  author  by  Mr.  E.  T.  Dumble,  State 
Geologist  of  Texas,  partly  from  specimens  belonging  to  the  United 
States  National  Museum,  Washington,  D.C.,  and  partly  from  speci- 
mens belonging  to  private  individuals  whose  names  are  given  in 
connexion  with  the  specific  descriptions.  As  stated  in  an  intro- 
ductory note,  the  forms  here  described  comprise  a  larger  number 
of  Carboniferous  species  than  has  hitherto  been  got  together  in  a 
single  publication.  The  genera  represented  are  divided  between  the 
Nauliloidea  and  the  QoniatitincB.  To  the  former  belong  Temnoeheilus 
with  five  species  (Forbesianus,  latus,  eonchiferust  depreasusj  and 
erasBus,  the  leist  three  being  new) ;  Metaeoceras  with  five  new  species 
(cavatiformisy  dubium,  Walcottif  Hayi  and  inconspicuum) ;  Tainoeeraa 
with  one  new  species  (cavatum) ;  Domatocer<u,  a  new  genus 
allied  to  Centroeeras,  represented  by  the  new  species  umbilieatum; 
Anymptoeeras  with  one  new  species  {Newtoni)  ;  Phacoceras  with  one 
new  species  (Dumbli) ;  Ephippioceras  with  one  new  species  (dioiaum) ; 
and  Endolobus  with  one  new  species  (gibbosus).  The  OonintiiiniB  are 
represented  by  the  genus  Gastrtoceras  "wilVi  tAi^  n^vi  ^^^^^vsi^  Qs,  tw^.- 
pressum.     The  descriptions  are  accompatAed  \i'S  oxjiNXvafe  ^^t«^* 
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I  IhiB  Number  of  the  Pmoeeilinga 

vea  the  a<lilri-sB  of  the  Presiikiit, 

a  largely  coiicernetl  with  thu  same  science,  giving 

tB  of  eiuiirsioiiFt  to  Ly.lbrook  and  Syraond'a  Yat, 

■,  Swindon,  anil  Aveliury. 

is  by  Mr.  R.  D.  nuakoW,  and  entitled  "Geological 

'orest  of  Dean."      In  it  the  nulliur  gives  a  very  full 

Iformntiunii,  referring  to  the  early  work  of  Bnckbind 

ivid  Musbet,  De  la  Becbe.  and  others,  and  adiling 

records  of  the  strata  passed  through  at  variDiis 

I  estirantei  tbot  the  Foreitt  of  Denn  oonlains  npiirly 

'  tons  of  coitl  available  for  use — ibe  amount  niised 

a  little  over  8(H.).0(K]  tons. 

1  Barker  contribntes  a  paper  "On  the  Geology  of 

'n,  and  a  recent  diseovery  of  the  Oxford  Clay  in  a 

lig  at   Ibe  Water  Workii."      He  give*   acoonnta  of 

eigbbiinrliood,  and  announces  the  discovery 

ti'd  Irnct  of  Oxford  CAtty  that  was  pnived   by  n  boring 

CirenceBler.      Important  deUils  of  the  Forest  Murblo 
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gn^phed,  as  for  example,  the  Brachiopoda,  by  Dr.  Davidson;  the 
Sponges,  by  Dr.  Hinde ;  the  Blastoidea,  by  R.  Etheridge  and  P.  H. 
Carpenter;  tlie  Merostomata,  by  Dr.  Woodward.  In  others  great 
progress  has  been  made  as  in  the  Foraminifera  by  Carpenter,  Parker, 
Jones,  and  Brady ;  the  Hydroida  by  Nicholson ;  the  Polyzoa,  by 
Busk  and  Vine ;  the  Trilobites  by  Saltier  and  Woodward  ;  the  Ento^ 
mostraoa  and  Phyllopoda,  by  Prof.  Rupert  Jones ;  the  Corals,  by 
Prof.  Duncan ;  the  Echinoidea,  by  Wright ;  the  Decapod  Crustacea, 
by  Bell  and  Woodward ;  the  Cephalopoda,  by  A.  H.  Foord  ;  and  the 
Tertiary  Mollusca,  by  F.  E.  Edwards  and  Searles  V.  Wood. 

In  Catalogues,  serving  as  supplements  to  Morris,  we  have  (I), 
a  complete  "Catalogue  of  British  Fossil  Vertebrata,"  by  Arthur 
Smith  Woodward  and  C.  Davies  Sherborn,  1890,  8vo.  pp.  xxxv.  and 
396 ;  larger  by  51  pages  than  the  space  occupied  by  Morris  for  the 
whole  of  the  classes  of  Plantsd  and  Yertebrata  in  1854.  (2),  Fossils 
of  the  British  Islands  Stratigraphically  and  Zoologically  Arranged, 
Vol.  I.  Palaozoio,  by  R.  Etheridge,  F.R.S.,  4to.  1888,  pp.  475,  giving 
6022  species  from  the  Cambrian  to  the  Permian. 

Mr.  Etheridge  tells  us  that  Vol.  II.  Mesozoio,  and  Vol.  III. 
Cainozoic,  are  still  in  MS.,  and,  adding  their  contents  to  the  Palaeozoic 
volume  already  published,  we  have  18,000  species  of  British  Fossils, 
both  Fauna  and  Flora,  up  to  1888. 

Morris's  Catalogue,  up  to  1854,  records  a  total  of  8359  species; 
so  that,  according  to  Etheridge,  there  had  been  an  increase  of  at 
least  10,000  species  in  thirty-four  years  from  1854  to  1888. 

The  only  other  catalogues  which  supplement  Morris's  Catalogue 
are  British  Fossil  Crustacea,  by  H.  Woodward,  F.R.S.  (1877);  Fossil 
Foraminifera,  by  Prof.  T.  Rupert  Jones,  F.R.S.  (1882)  ;  Palaeozoic 
Plants,  by  Robert  Kidston,  F.G.S.  (1886);  and  lastly  that  of  the 
Edwards  Eocene  Mollusca,  by  Mr.  R.  B.  Newton,  now  before  us 
(dated  25  July,  1891). 

This  important  work  gives  us  a  carefully  prepared  record  of  1229 
described  species  of  British  Eocene  and  Oligocene  Mollusca,  dis- 
tributee! in  255  genera ;  428  being  Lamellibranchiata,  786  Oastero- 
poda,  and  15  Cephalopoda. 

In  addition  to  the  whole  of  the  Edwards  Collection,  this  volume 
also  contains  a  record  of  all  the  *'  types  "  of  Eocene  Mollusca  con- 
tained in  the  Bowerbank,  Brander,  Brown,  Dixon,  Oardner,  Mantell, 
Prestwich,  Shrubsole,  William  Smith,  Sowerby,  Wetherell,  and  Wise 
Collections,  all  preserved  in  the  British  Museum  of  Natural  History. 
Every  species  bears  after  it  its  author's  name,  the  date  when  given, 
and  references  to  the  principal  works  where  it  has  been  figured  and 
described,  with  its  synonyms,  and  lastly  the  horizon  and  locality  in 
which  it  occurs. 

570  MS.  names  of  species,  proposed  by  F.  E.  Edwards,  are  also 
given  ;  but  as  these  have  never  been  described,  they  cannot  be 
considered  as  of  value,  save  as  indicating  that  Mr.  Edwards 
believed  they  marked  new  and  undescribed  species.  Many  of 
these  names  have  been  printed  in  various  \vsXa  yz^^v^^^A  \j^  VV^^ 
pablioation  of  Mr,  Newton's  Catalogue  *,  and  iXi<b  ^\)i^ikQiX  %\»^«^  V^'cl 


a—Ifeicton'8  Eocene  and  Oiigoeene  MoUtuca. 

ID,  pa^^e  t)  his  intentioD  to  describe  and  figare  nil 
e  bearing  MS.  names  in  i)ue  course  ;   ne  hope  lie  will 
ition  Btnmg,  nnd  get  them  all  as  speedily  as  poasibJe 
;be  imprimalHr  of  authority, 
this,  the  w<irk  ih  a  step  in  the  right  direction,  which 

9  past  the  noniendalnre  adopted  for  the  foesil  Molluftca 
M  been  much  behind  the  times,  many  quite  dissimilsr 
•eqiienlly  inclnded  in  ihe  snme  genua.      In   the  work 
the   result  of  recent  resesrchen,  many  of  these  old 
en  split  up  into  two  or  more  genera,  and   Rlthou(;h 
ers  may  rleDounce  this  as  fiercely  as  in  Joshua's  days 
)  man  who  removed  hie  neighbour's  landmark,  never- 

jmit  Ihnt  these  adjustments,  if  honestly  and  jiidicioiiRly 

.  of  material  assistance  to  the  student  in  the  future. 

9  is  attempting  to  correlate  (as  he  ought)  the  recent 

forms. 

u  has  not  been  carried  out  always  with  equal  rigour 

,     The    old   genus   Cerilhium,   for  example,   has   been 

split  up   intd  several   genera;  but  Phiirotoma,  which 

vision,  is  retained   in  full   force,    although   numeri.us 

have   shown    that    it   comprises    many    genera   wtll 

itudent  of  living  molluscn. 

;enuB  ) 'Jirysodomut,   in   the  work   before   us.   includes 

Revieies — ffarria  and  Burrows — Paris  Basin  Mollusca,    553 

undergone,  it  would  be  no  exaggeration  to  say  that  numbers  of  these 
genera  have  now  as  many  aliases  as  a  notorious  pickpocket  or  a 
crack  burglar. 

If  opinion  as  to  the  lines  upon  which  alterations  of  names  should 
be  made  was  only  unanimous,  much  labour  would  be  spared.  Some 
Naturalists  hold  that  a  name  used  for  a  genus  of  Vertebrates,  as 
PalaontHCus,  Blainville,  1818,  for  a  genus  of  fossil  fishes;  and 
Fal<Bon%9cus,  Milne- Ed w.,  1848,  for  a  genus  of  fossil  Isopods.  need 
never  disturb  our  peace  of  mind  or  our  nomenclature ;  but  it  seems 
to  be  considered  desirable  that  such  repetitions  should  as  far  as 
possible  be  eradicated  from  the  Index  Zoologiem, 

Names,  once  familiar  as  household  words,  are  now  constantly  being 
swept  away,  and  all  our  ancient  landmarks  oast  down.  But  we  are 
told  it  is  for  our  good,  and,  like  the  ''nasty  doctor's  stuff,"  we  are 
bound  to  swallow  it  We  would  like,  however,  to  see  these  changes 
effected  with  more  reverent  and  careful  hands,  and  without  that 
indecent  haste  which  too  often  marks  the  action,  as  if  the  alteration 
of  a  name  were  a  noble  achievement  in  science,  whereas  it  too  often 
simulates,  but  in  a  more  humble  sphere,  those  barbarian  conquerors 
of  Egypt  or  of  Nineveh,  who  erased  every  preceding  monarch's 
name  on  temple  and  on  palace  and  substituted  their  own.  There  is 
something  mora  in  science  than  a  name,  and  those  who  would  earn 
the  gratitude  of  posterity  may  do  so  by  adding  to  the  walls  of  her 
ever-rising  temple  some  well- worked  stones :  let  whoever  will,  after- 
wards, cut  or  scratch  his  name  thereon,  he  will  at  least  have  the 
nobler  satisfaction  of  having  done  a  pieoe  of  solid  work. 

The  Introduction  deals  with  the  alterations  in  nomenclature  made 
by  the  author;  there  is  a  good  Bibliography  (pp.  299-325),  followed 
by  a  very  useful  Appendix  prepared  by  Mr.  George  F.  Harris, 
P.G.S.,  "On  the  Correlation  of  British  with  Continental  Tertiary 
Strata,"  illustrated  by  a  series  of  small  tables  and  a  large  folding- 
table,  which  gives  the  equivalents  for  each  horizon,  as  far  as  possible, 
for  English  and  Foreign  localities  where  Tertiary  fossils  have  been 
obtained.  This  cannot  fail  to  prove  most  useful  to  all  students  and 
workers  in  these  deposits  and  is  an  excellent  piece  of  work. 

We  congratulate  Mr.  Newton  on  the  completion  of  his  Catalogue, 
and  hope  he  will  follow  it  up  with  figures  and  descriptions  of  the 
new  or  little  known  species  of  Eocene  shells  in  the  Edwards 
Collection  in  the  British  Museum. 


II. — The  Eooene  and  Oliooobne  Beds  of  the  Paris  Basin.  By 
Gbokob  F.  Harris,  F.G.S.,  and  Henry  W.  Burrows,  A.R.I.B.A.. 
(A  Paper  read  before  the  Geologists'  Association  April  3,  1891). 
Published  by  Edward  Stanford  (Price  3«.).  8vo.  pp.  viii.  and 
130.  September  23rd,  1891.  Illustrated  by  a  Geological  Map 
and  numerous  Sections. 

THE  eulogists'  Association  can  no  longer  be  spoken  of  as  a  young 
Society,  and  hardly  deserves  the  title  of  a  Society  of  Amateur 
Geologists.     It  was  established  in  1859,  and  \%  (^\i«»e^«tiNX^  Vc^  '\^^ 
thirty-third  year,  and  numbers  amongal  \ta  55Q  xaevc^ciet^  ^\«^NI?k 
proportion  of  the  most  eminent  and  8yQoomi^\\ft\x&dL  ^^s^a^^"^  ^"^^ 


-Harris  and  Biirroirs — Pan'i  Sasin  Mollufca. 

XD.    England.       Its    Proceedings   have   become   the 
tnoat  valuable  series  of  MemoirB;  the  reourds  and 
ilB  exoursiona,  which  exren^l   (o  Belgium,   Franc*. 
1   a  volume   by  themselves;    and   haTing,  if  we  mnjr 
lied    the    ^etiloffy    and   pal»onIology  of  their  own 
are    itlMckiDfr    aud    peaoefiilly    re-conqueriog    the 
'  of  France,    by  publixbiiig.  in  a  eeparate    form,  a 
}    Eocene  and    OliBocene  Beda  of  the  Parif.  Basio. 
Ihia  worit  have  qualified  themselvea  for  the  task  by 
I  examinations  of  the  F'reiicb  Terliary  area,  and  one 
exlended  traverse  over  oiher  parts  of  the  Tertiary 
Europe.      They  juHlify    tlie    special    study    of    the 

.  the  meaning  and  value  of  our  own  Tertiary  beds  and 
maiuR  without  conjointly  studyiiig  those  on  the  other 
lannel — especinliy  in  regard   to  the  paleeontological 
lubject."     They  point  out   that   the   MoltuBca  bava 
the  best  basis  for  correlating  the  several  horizoni 
Igium.  and   England,  by  reason  of  their  abundance, 
itiution.  and  the  very  perfect  slate  of  preservation  in 
iir,  espcciaily  in  the  Paris  basin  ;   so  that  the  French 
IS  it  were,  the  kfy  by  which  to  open  up  and  interpret 
i(iienoBa[id  life-history  of  other  Eocene  iinJ  OliguL'eiie 
"Hiring  i\T-->\s. 
^W^siTCjjijill^witi^h^Ioll^^ 
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mollusca  are  always  missed  if  this  be  neglected.  Two  wire  sieves, 
one  sixteen  meshes  and  the  other  eight  meshes  to  the  linear  inch, 
are  suitable.  A  hammer  is  not  often  required ;  a  pointed  trowel, 
with  a  blade  5  in.  or  f>  in.  long,  is  exceedingly  useful  for  taking 
up  the  loose  material.  Some  chip  boxes,  to  hold  the  rarer  or  more 
delicate  species,  should  be  provided.  A  written  label,  tied  to  the 
ring  of  each  bag,  shows  at  a  glance  the  locality  and  formation  of 
the  contents.  For  the  fossils  of  the  Sables  Inferteurs,  some  preserva- 
tive, such  as  potassio  silicate,  is  required ;  or  they  may  be  brought 
away  wrapped  in  cotton-wool,  and  subsequently  treated.  But  by 
far  the  greater  number  of  the  fossils  are  in  a  magnificent  state  of 
preservation,  and  are  easily  collected  and  carried  without  the  least 
risk  of  fracturing  them.'*  Thus  equipped,  and  with  Messrs.  Harris 
and  Burrows  for  travelling  companions,  we  visit  more  than  eighty 
localities,  and  have  a  really  good  time.  Those  who  cannot  arrange 
to  be  "  personally -conducted  "  by  the  authors,  must  spend  **  three 
shillings  nett/*  and  have  the  benefit  of  their  printed  directions,  with- 
out which  it  will  be  next  to  impossible  to  make  a  successful  tour  to 
the  many  widely -separated  rural  French  districts.  And  here  the 
excellent  Map,  which  accompanies  this  book,  proves  most  useful. 

The  last  section  (pp  57-129)  is  occupied  with  a  description  of  the 
PalsBontology  of  the  Eocene  and  Oligocene  Beds  of  the  Paris  Basin. 

The  authors  have  received  the  assistance  of  Mr.  Arthur  Smith 
Woodward  with  the  Vertebrata  (a  careful  list  of  which  is  given, 
iTicluding  Mammalia,  19  species;  Aves,  12;  Reptilia,  10  species; 
Pisces,  33  species).  The  Arthropoda  are  credited  with  5  genera; 
the  Eohinoidea  with  14  species ;  the  Brachiopoda  with  20  species ; 
the  Bryozoa  with  4  species;  the  Actinozoa  with  11  species;  the 
Foraminifera  are  too  numerous  to  catalogue.  The  Plantw  are  briefly 
referretl  to.  References  are  given  to  authors  for  the  several  groups; 
so  that  the  student  may  go  to  the  original  works  in  every  case. 

The  Mollusca  occupy  from  pp  63-124.  Tables  are  given  of  all 
the  species,  arranged"  with  columns  showing  the  range  of  each  from 
the  Lowest  Eocene ;  the  Lower  Eocene ;  the  Middle  and  Upper 
Eocene.  The  Oligocene  Mollusca  form  a  separate  table.  These 
Tables  of  Genera  and  Species,  which  occupy  48  pages  of  the  work, 
produce  the  following  summary. 

For  the  Eocene  Beds  of  the  Paris  Basin  : — 


Pelecypoda  or  LamellibranchiatH  'including  additional  species 

on  paee  114  supplied  by  Cossmann) 1083 

Oligocene  Lamellibranchiata      112 


Eocene  Gasteropoda  (including  additional  species  supplied  by 

Cossmann,  pp.  114-115}     2062 

Oligocene  Gasteropoda       177 

Gasteropoda  Pulmonata      70 

Eocene  and  Oligocene  Scapbopoda    ...     32 

Eocene  Cephalopoda 19 


1195 


2309 
32 


loVal     '^^^^ 
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convey    an    idea    of    the   extreme   richness    of   the 
of  the  Paria  BaHin,  and  hLqw  it  (o  be  at  least  ihree 
,  species  as  the  Eucene  and  Oiigoceoo  beds  of  ibe 
This  richiiesH  in  Rjieoies  is  also  borne  out  in  the  vast 
Jviduals  of  the  mora  common  forms  '  whose  name  ia 
spots. 

lose  this  biief  notice  without  referring  to  the  vast 
by  tbe  preparation  of  a  list  of  upwards  of  3000 
the  range  of  each.    Of  course  the  works  of  Cossmaon, 
nany  others,  have  been  used  to  aid  this  compilation, 
knonrled>re  and  oare  possessed  anil  exercised  by  the 
one  insure  Ibis  |>art  of  the  work  being  carried  out 
.  authors  acknowledge  that  they  have  had  valuable 

their  bioj,'rapby  from  Mr.  C.  Davies  Sherborn,  F.G.S. 
lei  of  S[>eoies  and  a  General  Index  is  also  provided. 
congratulate   the   aiitbors   on  this  valuable   piece  of 

expense  of  printint;  it,  which  we  sincerely  trust  they 
.  the  sole  of  this  very  useful  Memoir. 

fsioAL  Geology  and   GsoGRAPnY  OT  Ireland.     By 
^uwAKD  Hull,  M.A..  LL.D.,  F.R.S.,  Second  Edition. 
.328.     (London:  Edward  Stanford,  1891.    Price  7..) 
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rooks  of  north-west  Donegal  were  of  Aroheean  age,  "  this  view, 
for  whioh  there  is  muoh  oonflioting  evidence,  I  have  been  obliged  to 
abandon."  We  think  the  author  is  right  in  using  the  term  Aroheean 
as  a  general  group-name  for  rocks  oonsidered  to  be  Pre-Cambrian  ; 
but  he  makes  no  reference  to  the  term  **  Dalradian  "  ^derived  from 
the  old  kingdom  of  Dalriada  in  the  north  of  Ireland),  tnat  has  lately 
been  suggested  by  Sir  A.  Geikie  for  the  crystalline  schists  of  the 
north  of  Ireland  and  the  centre  and  south-west  of  Scotland.  Already 
Prof.  Hull's  remarks  on  the  "  Lower  Silurian "  rocks  of  Donegal 
may  need  revision. 

In  his  account  of  the  Old  Red  Sandstone  the  author  employs  the 
name  Devono-Silurian  for  the  Glengariff  Grits  and  Dingle  Beds, 
which  he  regards  as  equivalent  to  the  Downton  Sandstones  of 
Hereford  and  the  Foreland  grits  and  slates  of  North  Devon.  These 
beds  are  surmounted  unconformably  by  the  Upper  Old  Red  Sand- 
stone, and  thus  there  is  a  great  gap  that  may  be  elsewhere  repre- 
sented by  the  Middle  Devonian. 

Indications  are  given  of  the  zones  in  the  Carboniferous  Limestone, 
for  the  recognition  of  which  the  labours  of  De  Eoninck  are 
acknowledged. 

Some  criticisms  are  called  for  by  the  Table  of  Formations  given 
en  page  3,  for  the  "  Liassic  group "  is  separated  from  the  "  Oolitic 
or  Jurassic  group."  Hence  the  author  is  led  to  remark  that  the 
whole  of  the  Jurassic  series  is  unrepresented  in  Ireland,  whereas 
it  is  customary  to  include  both  Lias  and  Oolites  in  the  Jurassic  ' 
system.  Again  he  has  given  in  upward  succession  above  the  Oolitic 
or  Jurassic  group,  and  ranged  in  similar  type  as  if  equivalent  in 
value,  the  Purbeck  Beds,  Wealden  Beds,  Neocomian  Beds,  and  the 
Lower  Cretaceous  Beds ;  a  very  unfortunate  grouping  to  say  the 
least  of  it,  although  it  is  true  that  these  formations  are  simply  noted 
for  the  sake  of  comparison  with  those  represented  in  Ireland. 

The  author  criticizes  the  view  (put  forward  by  Sir  A.  Geikie) 
that  the  trachytes  and  pitchstones  of  Antrim  are  far  younger  than 
the  surrounding  basaltic  sheets,  and  he  refers  to  the  occurrence  of 
numerous  pebbles  of  Tardree  trachyte  in  the  stratified  ash-beds 
which  overlie  the  lower  basaltic  sheets  in  certain  localities. 

The  Pliocene  age  of  the  clays  of  Lough  Neagh  is  still  maintained 
by  the  author,  although  the  occurrence  of  "  bivalve  shells  resembling 
a  species  of  Unto,  or  JiHytiluB,**  cannot  be  said  to  count  for  much. 

A  good  description  of  the  Glacial  Drifts  follows.  These  include 
Lower  Boulder-clay,  Middle  Sand  and  Gravel  and  Upper  Boulder- 
day.  "  The  Lower  Boulder-clay  is  the  most  extensively  distributed 
of  all  the  Post-Pliocene  deposits  in  Ireland."  It  is  a  stiff  clay  with 
striated  blocks.  The  "  Middle  Sand  and  Gravel "  is  stated  to  contain 
marine  shells  in  various  places,  and  ''may  be  regarded  as  a  formation 
of  marine  ongin.  which  has  been  strewn  over  the  bed  of  a  com- 
paratively shallow  sea."  Yet  we  find  it  at  elevations  of  1300  feet. 
The  author  is  disposed  to  think  that  floating  ice  may  have  had 
something  to  do  with  the  accumulation  of  som^  oi  Wv^-e^k  ^«si^'«i\ 
hat  be  is  led  to  iafer  a  great  depreaaVon,  "w\i\Ci\i  '«i\\»\.\ivi^  x^»s5^^ 
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K  tlje  existing  level.  How  tu  reconcile  all  the  faota 
IS  is  loft  a  gDoJ  detkl  to  the  iintkginatiou  of  tiie  reader. 
»i  of  tlie  Lower  Ui>ulder-clHy  ie  kelil  to  be  <tue  to  ice, 
1  f.irra  of  a.  glacier,  or  ol"  a  sheet  ajireaJ  over  the 
loving  in  certaio  ilirectiona."  Tlie  Upper  BoiiWer- 
r-the-bye  "may  eaxily  be  mistAken  for  the  Lower 
eonietimes  shows  tn(o«B  of  stratification,  and  is  "just 

as  might  be  siippuseJ  to  have  been  formed  under 
uters  of  which  wi^re  laden  witii   ice-rafis   and   bei^ 

and  boulders  which  woidil  consinntly  fall  lo  the 
ce  melied  away  ;  whil^  these  waters  wei-e  themselves 
d   by  etreaina   from   glaciers  entering    from  various 

>rt  of  the  work  is  thus  taken  up  with  an  account  of 
[)pca1  formations  that  occur  in  Ireland  ;  (be  teeond 
ith     physical    geogmjjhj,     with     the    'birthday'    of 

origin  of  the  Central  Plain,  and  of  river  valleys  and 

third  part  is  devoted  to  the  Glaciation  of  the  country, 
h  some  account  of  the  Prehistoric  Mammalia. 

pleasantly  written  and  well  caloulated  to  arouse  sn 
ii  geology  ;  and  from  its  containing  the  matured  views 
r  many  years   directed   the  Geological  Survey  of  the 

iie  read  with  interest  by  geologiats  in  generaL 

■ 

Beviews — Recent  Papers  on  Palmozoic  Oatracoda,  559 

plates  with  numerous  figures  in  each,  rather  rough  in  execution,  but 
sufficiently  true  in  essential  features. 

II. — Jones,  T.  R,  in  the  Contributions  to  Canadian  Micro- 
Palaeontology,  part  iii.  1891,  pages  57-99,  plates  x.-xiii.  describes : — 
1.  Fifteen  species  and  varieties  of  Ostracoda  from  the  Cambro- 
Silurian  of  the  Provinces  of  Ontario  and  Quebec  and  of  Lake 
Winnipeg,  thirteen  being  new ;  2.  Nineteen  from  the  Silurian  of 
Anticosti  and  the  Saskatchewan  district,  including  ten  new  forms ; 
3.  Nine  from  the  Devonian  of  Lake  Winnepegosis,  the  Athabasca 
River,  Ontario  (Thedford),  and  the  Hay  River  near  the  Great  Slave 
Lake,  six  being  new.  The  close  alliance  of  so  many  forms  generically 
and  specifically  is  noticed,  and  the  varietal  links  defined  ;  more 
especially  the  earlier  representative  forms  or  predecessors  of  species 
flourishing  at  a  later  period.  Such  predecessors,  if  not  directly  and 
genetically  related,  certainly  occur  in  older  deposits. 

Thus  the  well-known  Trenton  species  Leperditta  fahulites  and 
Louckiana  are  scarcely  distinguishable  from  some  forms  of  the  later 
Silurian  L.  Htsingeri ;  and  L.  labrosa  is  very  close  to  L.  marginata 
of  the  same  date.  Even  L.  halthica  has  a  corresponding  form,  of 
little  difference,  in  the  Chazy,  here  designated  var.  primceoa. 

Other  North-American  Ostracods  were  described  and  figured  in 
the  Quart.  Joura.  Geol.  Soc.  1*890,  pages  1-31,  plates  1-4,  and 
pages  533-556,  plates  20-21.  It  may  be  noted  that— (1)  **  Primitia 
Morganif^*  p.  5,  pi.  4,  fig.  6,  is  now  Ulrichia ;  (2)  "  Beyrichia 
Biichiana?*^  at  page  16,  pi.  3,  fig.  25,  is  probably  an  imperfect 
specimen  of  Ulrich's  B.  persulcata;  (3)  ^'Beyrichia  Clarkei"  at 
page  17,  woodcut  fig.  2,  is  almost,  if  not  quite,  a  Bollia;  (4)  The 
new  genus  proposed  by  Mr.  Ulrich  for  B,  ciliata  (noUy  p.  19)  and  its 
allies  is  Ctenobolhina ;  (5)  **  fig.  17 "  at  p.  27.  3rd  line  from  the 
bottom,  should  be  "  fig.  12  " ;  (6)  "  Primitia  Wakotti,''  p.  543,  wood- 
cut fig.  1,  agi'ees  with  Mr.  Ul rich's  genus  Barychilina;  (7)  The 
Canadian  specimens  enumerated  at  pages  550-554  have  been  de- 
scribed in  detail,  together  with  others,  in  part  iii.  of  the  "Contributions 
to  Micro- Palaaontology,"  1891. 

III. — Ehause,  a. — Wissenschaft  Beil.  Programm  Luisenstadt. 
Oberrealschule,  Berlin,  1891 ;  and  Zeitsch.  Deutsch.  geol.  Gesell. 
1891,  pages  488-^21,  plates  29-33.  ITie  Ostracoda  found  in  the 
Silurian  rocks  of  the  gravel-drift  of  North  Germany,  as  determined 
by  the  author  and  others,  are  here  enumerated  ;  and  forty-six  species 
are  critically  noted  and  figured.  In  a  comprehensive  Table  of  these 
North-German  fossils  (pp.  514-521)  84  species  (20  of  them  new), 
besides  several  varieties,  belonging  to  18  genera,  are  enumerated, 
and  their  distribution  shown  according  to — 1.  Their  association  with 
certain  typical  species  of  Strepula  and  Beyrichia :  2.  Their  occurrence 
in  three  kinds  of  Lower- Silurian  rocks  (27  species) :  2.  In  three 
Upper-Silurian  rocks  (57  species) :  4.  Occurrence  in  the  Prussian 
districts :  5.  The  probable  origin  of  some  species  from  Sweden  and 
the  Baltic  Provinces. 
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ion,  Cardiff,  August  19lh,  1891. 
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Table  thowing  the  Output  of  Coed  in  the  South  Wales  District  in  the  Tears 

1880  atid  1890. 


County. 

1880. 

1890. 

Increase  or 

Decrease  in  the 

ten  years. 

Breconshire 

Caemarthensbire 

Olamorganflhire    

Monmouthshire    

Pembrokeshire     *. 

Totals:   South  Wales. 

Tons. 

100,616 

625,933 

16,320,096 

6,039,649 

79,386 

Tons. 

259,260 

762,032 

21,426,416 

6,895,410 

71,908 

Tons. 

+  168,644 

+  136,099 

+6,106,319 

+  1,856,861 

-7,478 

21,166,680 

29,415,026 

+8,249,445 

Total  Output  for  the  United  Kingdom, 


1880. 

1890. 

TotJil  l^ease  in 
the  t^vears. 

England,  Wales,  Scot-  ) 
land  and  Ireland  ...  | 

Tons. 
146,969,409 

Tons. 
181,614,288 

34,64^^79 

Dr.  E.  Hull  refers  to  the  increased  production  in  the  South-Welsh  Coal-field, 
together  with  remarks  on  other  fields  and  the  future  supply  and  working  of  coal, 
in  the  *' Transactions  of  the  Edinburgh  Geological  Society,**  vol.  vi.  part  2,  1890, 
where  also  Mr.  H.  M.  Cadell  follows  with  valuable  notes  on  the  probable  future  of 
the  coal-trade. 

7.  Varietiet  of  Coal. — The  coal  of  the  British  Coal-fields  exhibits  every  variety 
of  composition  between  anthracite^  which  is  nearly  pure  carbon,  and  the  so-called 
bituminous  coals,  such  as  ordinary  coal  and  cannel  coal  (hydrocarbons),  rich  in 
hydrogen.  Anthracitic  beds  are  rarely  seen  except  in  districts  where  the  strata  have 
been  much  disturbed,  or  peculiarly  affected  by  other  circumstances.  Heat,  whether 
direct  or  induced  by  pressure,  vertical  or  lateral,  has  probably  been  the  important 
agent  in  depriving  coal  of  its  hydrogen  with  some  of  its  carbon,  and  thus  changing 
it  into  anthracite.  Neither  in  this  latter  nor  in  the  compact  cannel  coal  are  the 
laminar  structure  and  symmetrical  jointing  so  distinct  as  in  the  ordinary  coals.  The 
last  lose  their  volatile  hydrocarbons  also  by  exposure  to  the  air,  at  outcrops  and  in 
open  faults ;  hence  they  are  not  nearly  so  good  for  burning  as  those  got  at  a  greater 
depth.  As  it  is  well  to  have  definite  notions  as  to  the  appearance  and  structure  of 
the  different  kinds  of  coal,  some  notes  on  the  several  sorts  will  now  be  offered.' 

Anthracite  ia  glossy  or  semi-lustrous,  sometimes  iridescent ;  it  ignites  with 
difficulty,  and  bums  without  smoke,  and  with  little  flame,  on  account  of  no  volatile 
hydrocarbons  being  formed  during  combustion.  This  purely  carbonaceous  material 
differs  from  ordinary  coal  by  its  brilliant,  semi-metallic  lustre,  its  greater  density, 
hardness,  and  brittleness,  and  by  its  massive  and  conchoidal  fracture  with  sharp 
edges.     Some  of  it  can  be  cut  or  turned  on  the  lathe  into  fancy  articles. 

Called  anthracite  (from  (bfBpa^,  coal)  by  Earsten  and  the  older  mineralogists, 
it  is  also  known  as  mineral  carbon,  blind-coal,  stone-coal,  culm,  glance-coal,  and 
non-bituminous  coal.  It  is  mentioned  by  mineralo^sts  and  geologists  as  havine 
been  found  at  many  places  in  the  Alps,  Pyrenees,  France,  Germany,  the  Unitea 
States,  and  the  British  Isles,  under  various  geological  conditions ;  but  in  regular 
and  extensive  beds  it  occurs  chiefly  in  Pennsylvania,  and  largely  also  in  South 
Wales.     It  is  reported  to  have  been  found  in  China  and  elsewhere. 

In  the  Franco -Belgian  coal-field  the  coals  become  more  and  more  anthracitic  as 
they  pass  down  to  greater  depths ;  both  kinds,  therefore  were  of  the  same  age  in 

>  Much  information  as  to  the  constitution  of  coal  aud  \U  '^«kt\fiX\^  \&  ^^s^  \^ 
Roland  and  RichardBon^s  Chemical  Technology, 

DECADB  UI.^TOL.  TUI. ^NO.  Xll.  ^^ 


lifporfg  an'/  Proceeding* — 

w  igr.     The  BluiKtioe,  Uvltittf.  urf  iaveni'm*  io  the  lonn-.i  fcld 

tribmion  in  South  WJ«,  were  riroi  br  J.  P.  Bev«i,  FiC.S.,  ii 
ToL  Q.  1859.  pp.  7o-ft). 

of  PnuurUuii*  i>  trucable  from  the  inner  lolik  of  the  moanaui 
j  itnta  hate  W-jaie  more  and  mure  cryMal!ine.   and  mnOiB 

eat.  of  ToUtUe  matwr.  InrUut  WMt  16  to  -22  p«r  cenl-.   30  lo  Zi 
)hiolOla5l>ptrc«it.(Preat>irb).    TliUmal-Gelii  befi.re  cumpro- 
r  900  milrs  long  bj  more  than  200  broad  in  some  places  {Lvrll). 
'  of  atnla  by  accumulated  sediment  above  them  mat  raiw  ihtir 

FD  in  the  caM«  of  the  Sova-Scoti»n  and  Sooth-Welsh  ronl-fieldm 
thnli*.  cIbts,  and  coal-ieams  can  be  proTed  to  lisve  been  ob» 
to   ir.ltOO  ieel  below  (he  »i-letel,  under  in  overljing  mus  rf 

anthracite.     Ther  miut  hiTe  been  kepi  for  a  long  p<Hud  expoiei 

ome  d^f^iee  of  inlemil  eban^e  in  pTo^re»  had  anj  appinHable 
bien  present,  whence  the  atweaee  af  alletatioa  tnaj  perhaps  be 

.  with  KTanite  is  chan^  iuto  aathracile  or  ^trsphite ;  when  ie 
nic  and  trappRsn  roekt,  il   may  bwume  cuke  fcoluninar  or  other- 

lerr  cnrapact,   bams   with    little    Bmote.    and    conluiD?   io   little 
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As  a  scheme  for  the  general  classification  of  coals  the  following  table  may  be 
nseful: — 

/  Torbanite,  cannel-coal,      )  Vegetable     matter 

Highly    Bitu-)p  ,  \      parrot-coal  j      much  altered. 

minouB.    ...j^«  coais     j  Tasmanite,     Better-bed     )  gpofg-coals 

\      coaly  etc*      •••     •••     mtm  J 

Common  Bitu- )                                 (  ^*^^?  *^^  coking  coal,  j  Lamins  of  charcoal 
minmia       ' '  Houschold  coals  . .   v      chcrry  coal,  spHut  coal,  >      (mother-coal)    & 
"J  {     and  other  coats    j      hydrocarbon. 


mmous 


Semi -bitnmi- 1  Free-burning  (  I.  Charcoal  deposited  abundantly  at  first, 

nous.        ...i     steam  coals      ...  \  2.  Hydrocarbon  partially  lost  by  change. 

Anthracitic  -l^X^Zn  coal^^^^    I  Hydrocarbon  nearly  all  lost  by  change. 

Anthracite  ...  Smokeless  coal    .".'.  (  ^^^  *^«  hydrocarbon  lost  by  heat  under  pros- 

{       sure. 

Coke    12    iUtificial }  Hydrocarbon  lost  by  heat  without  pressure. 

8.  Oontiittuntt  of  the  Coal'meaturu  and  of  Coal. — Sandstone,  shale,  coal  and 
clay,  in  successive  repetition,  constitute  (as  we  all  know)  the  main  materials  of  the 
'Coal-measures'  (*  measures  *  being  an  old  mining  term  for  strata).  Each  of  these 
substances  well  deserves  the  close  investigation  they  have  received  from  numerous 
observers.  We  need  not  take  the  sandstone  in  hand  now;  it  will  be  enough  to 
say  that  the  quartz -grains  have  been  derived  from  the  quartz  of  the  same  granite 
rocks  which  gave  the  little  mica-flakes  to  mix  with  much  of  the  sandstone,  and  the 
kaolin  to  form  the  basis  of  the  shales  and  clays  in  the  same  great  Carboniferous 
formation. 

Shale*  and  Iromtone. — The  ihaUs  are  varied ;  some  are  almost  purely  argillaceous ; 
others  contain  carbonaceous  matter  in  different  proportions,  even  becoming  quite 
black  and  bituminous.  The  lighter-coloured  shales  often  have  plant-remains, 
especially  ferns,  scattered  through  them,  and  even  whole  stems  and  branches  of 
Ztpidodendron  and  Sigillaria^  squeezed  flat,  and  reaching  long  distances.  The 
darker  shales  also  have  plant-remains,  but  less  perfect,  and  very  often  shells  and 
other  fossils,  including  relics  of  fish  and  numbers  of  small  bivalved  crustaceans ; 
with  regard  to  the  last,  the  fishes,  when  alive,  fed  on  the  Cypridae  and  other 
organisms,  and  in  turn  these  little  Ostracoda  ate  the  dead  fishes  when  they  could. 

Here  and  there  are  more  or  less  continuous  layers  of  ironstone,  or  more  frequently 
groups  of  nodules  parallel  with  the  planes  of  bedding,  and  containing  either  parts 
of  plants,  more  rarely  small  limuloicb  or  other  crustaceans,  or  even  spiders,  scor- 
pions, insects,  or  relics  of  fishes  and  amphibia.  In  some  cases  the  shales  are  of 
marine  origin,  judging  from  the  character  of  the  shells  imbedded  in  them ;  but 
usually  the  evidence  from  the  fossils  is  of  a  negative  character.  The  shells  that 
were  formerly  thought  to  be  mussel-shells,  like  freshwater  Unios,  are  now  known 
to  belong  to  a  different  family ;  and,  not  being  quite  the  same  as  any  known  sea- 
thell,  they  may  have  been  estuarine. 

The  nodular  and  the  fiat  masses  of  clay-ironstones  in  the  shales  have  been  due 
to  the  formation  of  carbonic  acid  in  the  water  and  mud  by  the  decomposition  of 
vegetable  matter  and  the  removal  of  some  oxvgen  from  the  peroxide  of  iron  present 
there,  and  by  the  carbonic  acid  thereupon  forming  carbonate  of  iron.  This  then 
segregated  around  some  organic  object  in  the  mud,  and,  mingled  with  clay,  gave  rise 
to  nodules  or  larger  masses  of  argillaceous  ironstone.'  In  consolidating  the  nodules 
frequently  split  internally,  and  the  fissures  of  retreat,  filled  with  calcite,  blende, 
pyrites,  or  other  mineral,  constitute  eepta,  or  divisions,  in  the  sepiarium  or  septarian 
nodule.  The  so-called  *  beetle-stones  *  are  septarian  nodules  broken  across,  showing 
central  and  diverging  lines. 

The  iron-ores  of  South  Wales  are  fully  treated  of  in  the  *  Memoirs  Geol.  Survey,* 
Iron-Ores,  part  iii.  1861,  by  £.  Rodgers,  and  their  fossils  by  J.  W.  Salter.  From 
official  sources  we  learn  that  the  details  of  Production  of  Ironstone,  chiefly  Argilla- 
ceous Carbonate,  from  mines  under  the  Coal-mines  Regulation  Act,  for  the  year 
18s9  were  — 

'  De  la  Beche,  "  Memoirs  Geol.  STirr©^  "  '^oV  V,  ^.  V^^A*^^* 
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Lslef'a  ■'  Manual  uf  Coal,"  etc.  &vo,  PKilftdelphia.  1B.16,  at  pp. 
Jtioni  in  ahtles.  Bad  their  paunge  eten  into  fosI,  as  (he  ptoportinn 
I  (vegetable)   matter  increates   hy  local   conditioru,   are  caretDllr 

%al,  Coat-ialU,  rCc— The  cos;  itself,  to  which  the  shales  ('  balls.' 
lie  Tanouslv  termed)  usuallv  secre  as  a  nwf,  or  in  which  Ibrr 
in  intermediaW  lajera,  coma  aeit  to  be  coD8ider«l.  Sume 
at  kinda  of  coal  hate  alreadj  been  made.  Common  blac^  cnil 
iiDposed  of  thin  alUrnate  kmins  uE  dull  and  bright  material, 
a  nr  pieces  have  flat  sides  nearly  nt  riglit  angles  with  those 
I  depiisition.  Thfse  focee  are  due  to  ehrinkage-joinU ;  one  is  temitd 
I!  presealed  on  the  long  edge  nf  tlie  scam  exposed  in  weiiiinE),  oi 
"'i*r  or  cross  joint  is  the  end;  the  former  ia  also  called  the 
in  Bi'Rietiniea  applied  to  both  sets  of  joint -diriiions.  The 
eaks  alan  along  the  flat  lamina!,  cipo-tiDE 
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probably  in  a  warm  (perhaps  sub -tropical  ^)  climate,  to  account  for  the  hundreds  of 
square  miles  of  continuous  coal-seams. 

Much  has  been  learnt  from  the  broken  and  rotting  ruins  of  a  forest,  standing  on 
an  area  of  the  coal-growth,  having  been  here  and  there  sealed  up  and  preserved  in 
that  original  state,  before  hydrocarbonisation  had  proceeded  far ;  whilst  the  rest  of 
the  fallen  timber  and  accumulated  relics  passed  into  the  state  of  bright  coal,  and 
became  almost  undistinguishable  as  to  its  structure  except  under  the  microscope  after 
special  manipulation.  The  *  coal- balls  *  of  Oldham,  in  Lancashire,  and  the  '  bullions  * 
at  South  Owram,  in  Yorkshire,  are  calcareo-carbonaceous  nodules,  having  been 
formed  by  the  infiltration  of  water  carrying  carbonate  of  lime  from  the  shells  in 
an  overlying  shale  down  into  the  bed  oi  woodv  fragments  and  other  bits  of  dead 
plants.  The  carbonate  of  lime  there  segregated  from  the  mass  to  certain  centres, 
and  preserved,  in  round  nodules,  the  vegetable  structures,  before  they  were  quite 
decomposed,  more  or  less  distinct  as  they  had  fallen  on  the  forest  floor.  Hooker, 
Binney,  Williamson,  and  others  have  elucidated  much  of  the  botany  of  the  coal 
from  this  source. 

In  the  Lower  Carboniferous  series  at  Pettycur  Bay,  Burntisland,  in  the  Firth  of 
Forth,  are  some  well-preserved  relics  of  the  materials  which  would  otherwise  have 
been  used  to  form  a  coal-seam  (referred  to  by  Williamson  and  Binney).  In  this 
case  volcanic  material  has  been  ejected  into  or  through  a  peaty  mass,  and,  having 
removed  by  force  some  of  the  soft  wet  material,  has  been  mixed  up  with  it  and 
settled  down  as  a  hard  stratum,  with  well-preserved  fragments  of  wood  and  other 
tissues,  into  which  carbonate  of  lime  was  subsequently  infiltered  (Carruthers). 

A  third  instance  was  discovered  by  Mr.  Wiinsch,  in  1865,  in  the  Lower  Car- 
boniferous series  on  the  north-eastern  shore  of  the  Isle  of  Arran,  where  numerous 
plant-remains  are  well  preserved  in  and  under  volcanic  ashes.  The  strata  are 
alternate  sandy  shales,  thin  coal-seams,  and  peperino-like  tuff.  Numerous  truncated 
trees  remain  upright,  rooted  in  the  shale.  Sigillaria,  Lepidodmdron,  Lepidaphloios^ 
and  Halonia,  besioes  Sphenopteris  and  other  ferns,  are  present.^ 

Cannel,  etc, — Under  the  name  of  *cannel'  are  known  some  important  varieties 
of  coal,  nsefnl  for  distillation  and  gas-making ;  and  certainly  they  differed  in  their 
method  of  deposition  both  from  ordinary  coal  and  in  some  particulars  among  them- 
selves. They  all  appear  to  have  been  formed  of  vegetable  matter  that,  havin^^ 
been  soaked  and  macerated  to  a  black  pulp,  like  the  most  rotten  and  semi-fluid 
peat,  in  lakes,  lagoons,  or  other  limited  water-areas,  became  homogeneous  masses 
of  hydrocarbon,  with  much  still  discernible  vegetable  tissue,  and  occasionally  with 
bones,  teeth,  and  scales  of  fishes,  and  remains  of  Amphibia.  Earthy  matter  was 
sometimes  mixed  with  the  cannel;  and  occasionally  so  much  accumulated  that 
the  black  mud  graduated  into  carbonaceous  shale.  Light  substances  would  also 
have  been  blown  into  the  water  by  wind.  According  to  the  relative  abundance  of 
yellow-reddish  hydrocarbons  and  macrospores,  or  of  amorphous  black  substance 
(carbon)  and  microspores,  is  the  difference  between  black  and  brown  cannel 
(Carpenter). 

Elsewhere  the  condition  and  place  of  the  cannel  are  such  as  to  suggest  that,  like 
a  burst  peat-bog  of  the  present  day  fBuckland),  the  fluid  carbonaceous  pulp  escaped 
£rom  its  birthplace,  and  found  local  nollows  at  lower  levels  that  could  receive  and 
keep  it.  It  is  also  suggested  that  such  black,  decomposed,  fluid  refuse  of  a  swampy 
jnngle,  bordering  a  lagoon,  might  drain  into  the  water,  and  settle  as  carbonaceous 
mud,  or  as  coal  itself,  among  the  water-plants  there  (Grand* Eury).  If  poured  in 
suddenly,  it  probably  overwhelmed  and  poisoned  many  flshes.  **  The  cannel  coals, 
bemg  wholly  subaqueous,  have  not  formed  and  do  not  possess  mineral  charcoal  '* 
(Dawson) 

Torbanite  consists  almost  entirely  of  minute  sub-globular  accretions  of  hydro- 
carbon (amber- coloured  by  transmitted  light),  derived  either  from  chemical  change 
of  plant-remains,  or  more  probably,  direcUy  from  lycopodiaceous  spores. 

ifport'ooal. — Very  much  of  the  substance  of  some  coal-beds  consists  of  lycopo- 
diai^us  spores  that  have  been  traced  to  the  great  lycopods,  Lepidodmtiron  and 
Siffillariat  allied  to  the  club-mosses  and  Sek^intUa^  and  were  probably  shed 
periodically    in  enormous    quantities    (Prestwich    and    Morris,    Hooker,   Binney, 

'  A  great  predominance  of  ferns  and  lycopods  indicates  moisture,  equability  of 
temperature,  and  freedom  from  frost,  rather  than  intense  heat  (Lyell). 
*  Gbol.  Mao.  1865,  and  Trans.  GeoL  Soc.  Glasgow,  1882. 


■•■ta 


566  Rff»^  mmi  Proemiim§9 — 


IT  liinsMiB.  CatnAen,  Bdlov;  Hnky,  E. T.XcvIm. Ortoa, 

Wexii*n*d.  Benak.  Sidrtra.  ud  eiben).    Mr.  K.  WcAoad  hM  W|aimiii<  thit  «hff 

did  BUttBwl  n  ooBSOB  «ob1  «■■  ternd  £pmi  Ac  ■«§  cf  m 

aUwdi*/M«tr«,ndthi««oodTaMflriil^Mi^plMWlild»of  th» 

H«  ohjwtt  to  tke  tfaroiT  cf  ^afciMrgcd  foiiiMi**  tanH  of  th»  dArahf 

FitrffMMr  Daaa  ^m  teciAsd.  iiiidiiiig  m  tke 

oi  ooa]  tfaev  voald  be  im«ugd  a  tkk' 

TcceuoiM  nd  48  leet  Iw  faor  fret  off 

ImrwM*rig  bA««  bfco  fooai  IB  ihe 

Xr.  TboBM  Seott.* 

'*  DevwM  if  ^ipnoed  to  thiak  tint  tbe  tobon  off  ooA,  off  cpidftmie  m  i^eaenl 
■ad  uf  ipote-coMi  n  partmlor.  k  o  wahntMatit  m  ridi  m  coriiOB  ttot  it  ii  vcrr  mv 
to  roe],  oad  lo  iiKJwHi  ■UaMe  aod  iapciiocoble  to  mtat  that  it  hae  eoatribotod  man 
larcdT  tikia  aartlDB;  fabe  to  the  niaaaL** '  rtoif  ith  idai  to  ttew^  and  ei^eci- 
«11t  to  gaa»  laS  raiaa,  m  aaaa  waililatati  of  the  coal ;  aad  arnes  thai  tbe  dnett 
w^irwBi  lad  aoHt,  with  a  lai^er  potcatige  off  cnhoaie  add  thaA  oniti  at  the 
ymc'iu  dftT,  lad  a  man  lapid  ataat-gnnrth.* 

ll<aBn.'BeaaDe  nd  Eiteoi* have  aot  oalr enofoDj  mem  the  bolameal  Uttflvy 
of  L'p'di.Jndrwm  nd  5<filtorM,  and  off  their  fraetiiceticai«  bat  have  doKribedlhe 
i^poKi  md  vith  ia  their  oaaiaatioB  off  the  Seoteh  Carboaifferoat  etnta,  and  have 
giTCB  their  eoadasew  ai  to  the  aatare  lad  eoaditkm  off  the  bode  fraaa  whieb  tbe 
fpoTtf  wen  eolkcted.  Tbe  vptiat  aad  perrot  eoals  yielded  aiott :  the  ebcrrr  or  «o<t 
rtid}«  are  too  iur  bhumiaised  to  tfaov  them  dcazlT.  thoagh  preMnt.  Some  firedtp 
T:rj<j  ;L«in  in  the  ap^^r  tvo  or  thrw  incbes.  Some  thin  shales  I'plant-beds  and 
luk^  }ield  fipor».  and  *om«  hare  plant- remaias  at  well.  **Carboni*ed  wood  was 
e  •m;oon  in  all  the  poor  or  »ha]e-iike  eoais.  .  .  .  Some  of  the  thin  coal*  wen 
a]m'*ft  entirelr  K«mp«o(iMl  of  Hirh  carbonifrd  reipcrtable  matter/*  Fragnient5  of 
(•-•.•rpion*  and  enrrpiendft  occur  plentifnllr  in  (tome  of  the  *  old  toili  *  (firecLiTs' . 
TLe  ionocT.  brmjr  laad-animals,  and  pntbablr  adapted  to  a  hot  (or,  at  least,  wanu) 
climate,  are  amonjr  the  most  int«rertin^  f*{  the  coal-fosnU. 

Ijnft'foal.—  Fonaerlr.  more  so  thaa  bow.  it  WMt  thonght  br  some  that  the  coal 
had  bc?en  formed  br  the  arcumalation  of  drifted  timber  and  floating  masses  of 
Te:?etatioD  in  riferi'  and  estuaries.  There  are  seTeral  difficoltia  in  the  way  of 
tliis  hypothesis.  Tlnrre  wcold  hare  been  more  ash  in  the  coal,  because  the  w'atn 
would  ^bift  and  deposit  siind  and  clay,  together  with  rafts  and  grass  islands :  and 
the  afrh  oi  pnre  coais  agre«s  in  relatiTe  quantity  and  composition  with  the  earthy 
maitt^r  naturally  contained  in  plants  (Green  and  others).  How  far  a  ciilctilati«>n 
coQld  be  made  as  to  a  given  quantity  of  ash  in  coal,  and  the  amount  of  mineral 
matter  belonjEnng  to  plants,  as  a  bas^is  ior  proving  the  ori^nal  quantity  of  wjody 
matter  concerned  in  a  given  qoantity  of  coal,  would  be  difficult  to  determine,  for 
Kome  of  the  original  mineral  constituents  have  been  probably  removed  by  per- 
colating water. 

Professor  Lesley  *  has  calculated  that  the  MinisBippi  could  not  snpplr  br  dziftaj^ 
from  the  forests  ol^  its  valley  in  100,000  years  wood  enough  for  one  of  t^e  §«huvlki'l 
anthracite  beds ;  niineral  sedimenta  would  also  interfere  with  the  result*.  Cnder 
favourable  conditions,  he  adds,  tropical  forests  (Central  Africa)  and  coast-swamps 
(Florida,  Guiana,  India)  would  supply  good  and  sufficient  material.  So  also  tbe 
swamps  of  the  *  Sunk  countrr*  of  Arkansas  and  Louisianai  as  well  as  tbe  *  Great 
Difmitl  Swamp*  in  Virginia,  for  one  set  of  conditions  (Lyell) ;  and  the  mangrove 
jungles  in  the  West  Indies  and  elsewhere  for  another. 

Firec/ay^  Mt$dereiay,  unier cliffy  muUrM,  aeut-fmrtk,  nmt  »tone,  hofUm'8for*f, 
tparin,  c/uneh,  /ml'e,  pomneim.    This  is  usually  a  dense  day,^  but  sometimes  sandy, 

>  Jonm.  Roy.  Microsc.  Soc.  aer.  2,  vol.  t.  1885,  pp.  406-420. 

*  Heport  of  the  Fishenr  Board,  1890. 

>  Balfour,  •*  Palsontological  Botany,**  1872,  p.  67- 
«  Geology,  vol.  ii.  1888,  pp.  117-120. 

*  Proceed.  Royal  Phys.  Soc..  Edinburgh,  vol.  ix.  1886,  pp.  82-117. 

*  '  ^lanual  of  Coal*  etc.,  1866. 

^  Id  ezaminine  mici oacopvnAV}  V3tkA  ^VxcqiXa  \iu^»\«b  ^1  %qnM  ahalea  and  imder* 
clays,  Mr.  W .  if.  Hutching  Viaa  ^iaco^wwi  >2aaX  xXsksa*  *r^  ^xcywk^  \A.  %.  ^ 
dvpomt/  in  which  there  ii  aomaiIa«m«IAalTB^tf^^^k^^«^aJ^^^^«a» 
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and  eren  altogether  a  hard  sandstone  (*  ganister  *).  It  yaries  in  colour  from  black  to 
ivhite ;  and  is  from  six  inches  to  ten  feet  or  more  in  thickness.  A  characteristic 
feature  is  its  being  penetrated  in  all  directions  by  the  stigmarian  roots  and  rootlets 
of  the  trees  (StgUlaria,  Lepidodendron)  that  grew  on  it  when  it  was  the  soil  of  the 
coal  forest,  having  been  slowly  deposited  by  the  quiet,  shallow,  muddy  waters  that 
succeeded  the  deposition  of  shale  or  sandstone  by  waters  with  stronger  currents, 
these  last  terminating  one  of  the  periodical  disturbances  to  which  the  many  stages 
of  gradual  subsidence  gave  rise.  Every  coal-bed  (or  coal-seam,  according  to  the 
application  of  those  words  to  either  a  simple  or  compound  layer  of  coalj  lies  on 
a  more  or  less  distingmshable  '  underclay  * ;  but  this  is  often  omitted  to  be  recorded 
m  coal-mining  sections  and  documents.^  Sometimes  an  underclay  forms  a  roof  of 
a  coal ;  but  it  is  the  seat-earth  of  a  coal  lying  on  it. 

Jhuudation, — Among  the  many  examples  of  denudation  in  the  Coal-measures, 
coal-beds  have  been  washed  away  from  their  underclays ;  but  these  latter  are  so 
greatly  toughened  by  their  contained  network  of  roots  that  they  have  more  effectually 
resisted  denudation.  Both  coals  and  underclays,  however,  were  not  unfrequently 
destroyed,  or,  at  least,  deeply  and  widely  channelled  by  contemporaneous  floods  and 
rivers ;  for  not  only  are  the  *  horses,'  *  lows,*  and  *  washes '  such  watercourses,  but 
the  occurrence  of  pebbles  of  coal  and  small  detrital  particles  scattered  through  some 
of  the  sandstones  are  due  to  similar  denudation.^ 

Sir  J.  W.  Dawson,  in  *  Acadian  Geology,*  1868.  p.  139,  states :—"  The  occasional 
inequalities  of  the  floors  of  the  coal-beds,  the  sand  and  gravel  ridges  which  traverse 
them,  the  channels  cut  through  the  coal,  the  occurrence  of  patches  of  sand,  and  the 

insertion  of  wedges  of  such  material  splitting  the  beds, are  constantly 

represented  in  modem  swamps  and  marshes,  more  especially  near  their  margins, 
or,  where  they  are  exposed  to  the  effects  of  ocean  storms  or  river  inundations." 
llie  great  thickness  of  coal  and  carbonaceous  shale  in  the  Albion  Coal-measures  at 
Picton,  Nova  Scotia,  were  formed  in  a  depression  separated  by  a  shingle  bar 
(conglomerate)  from  the  more  exposed  flats  outside.' 

9.  FoaiVt  of  the  Coal'tneaaure*  of  South  Walts,  —An  examination,  or  even  an 
enumeration,  of  the  fossils  would  be  much  more  than  we  have  time  for  now, 
whether  we  took  in  hand  the  plants  or  the  animals, 

I.  Of  the  characters  of  the  former  ^  we  have  indicated  some  particulars,  such  as 
facts  about  the  spores  and  roots  of  the  gigantic  trees  of  which  the  numble  Selaginelia, 
iMoetes^  Sphagnum^  and  Bquiutum  are  the  living  representatives.  Descriptions  of 
their  roots,  trunks,  leaves,  woody  and  other  structures  have  been  given  to  the  world 
by  both  Foreign  and  British  palsBobotanists  in  numerous  goodly  memoirs  and 
volumes,  illustrated  with  excellent  plates ;  and  the  many  ferns,  tree-ferns,  and 
cycadaceous  plants  (the  last  known  by  their  fruits  chiefly)  nave  been  well  described 
and  figured.  Eidston's  *  Catalogue  of  the  Carboniferous  Plants  in  the  British 
Museum  *  gives  full  references  to  many  of  the  above,  and  the  others  are  well  known. 
With  increased  knowledge,  the  supposed  dome-like,  long-armed,  stigmarian  plants, 
with  subaqueous  leaves  or  processes,  either  floating  on  or  in  the  water,  or  growing 
on  the  muQ,  have  become  the  depressed  stools,  dichotomous  roots,  and  innumerable 
long,  narrow,  leaf-shaped  rootlets  of  Sigillaria  and  Lepidodendron  (Binney  and 
others).  C.  Grand*£ury,  however,  still  distinguishes  some  perfectly  aquatic  and 
peculiar  plants,  which  floated  in  the  water  with  their  roots  trailing  on  the  bottom  ; 
and  of  Stigmaria  he  holds  the  opinion  that  il  indicates  a  formation  in  deep  water, 
contrary  (as  he  says)  to  what  is  generally  stated.'  The  supposed  palms  have  disap- 
peared in  the  explanation  that  the  supposed  fruits  are  only  tne  marks  of  compressed 
gas  bubbles  fixea  during  their  escape  uom  the  foetid  black,  decomposing  mud.* 

list  mainly  of  minute,  rutiliferous,  mica-like  flakes,  regarded  by  him  as  of  secondary 
origin,  made  from  the  original  components  of  the  stratum  (Gbol.  Mao.  1890  and 
1891).     Mr.  Hutchings  kindly  informs  me  that,  of  the  numerous  flreclays  which  he 
has  examined,  several  are  being  used  for  brick-making  (Letter,  May  20,  1891). 
I  De  la  Beche,  Mem.  Oeol.  Survey,  vol.  i.  pp.  173  and  177. 

*  Logan,  De  la  Beche,  Buddie,  and  others. 

*  Dawson,  Q.J.G.S.  vol.  x.  p.  46. 

*  A  useful  compendium  of  our  knowledge  of  coal-plants  in  1863,  by  Professor 
John  Morris,  was  published  in  the  Proceedings  Geol.  Assoc,  ot  that  date. 

'  M6m.  pr^ntes,  etc.,  Acad.  Sciences,  etc.,  France,  vol.  xxiv.  No.  1,  1877 ;  and 
Annales  des  Mines,  s^.  8,  M^moires,  vol.  i.  1882,  p.  161. 

*  Carrutheny  Osol.  Mao.  1870,  p.  216. 
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™l  bookt  tiHliEi^  irf  ibe  Hibject  ud  in  Imtiua  <n  Mlogf  ii 
It  de^npOow  ol  nek  .  forat  b;  Aiuted  and   H<«h  lUUer  ut 

><a:  onlY  tlul  the  fen  fTUida  uid  «DW  other  pluttt  in  Ike  tarf 
.ToUblj  broi^bt  to  loirer  IcTdi  bj  itrtaau  ot  liter-Sood*  (Uiwm, 
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ru-hntee  >  lur  BOmba  occm  io  South  Wil«.  but  none  of  the 
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.,  Ferns        ' Brorkish. 
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Oumbel  and  GeinitE  have  described  them  as  belonging  to  Unto  and  Anodon  ;  and 
Lndwig  refers  AtUhraeopUra  to  Dreistena,  At  all  events  there  is  a  great  probability 
of  their  not  being  truly  marine.  They  may  have  lived  in  the  brackish  water  of 
lagoons  and  creeks  in  the  black,  muddy  swamps,  having  some  communication  with 
the  sea,  and  often  or  occasionally  inunoated  with  salt  water  (Dawson,  Salter,  etc.). 

Spirorbit  earbonariut  is  frequent  in  the  Coal-measures  of  South  Wales  and  else- 
where. This  little  annelid,  tnough  belonging  to  a  marine  genus,  is  often  found 
attached  to  plant  fragments  in  the  coal-shales.  These  plants  may  have  hung  down 
into  the  water  and  been  infested  by  the  annelid ;  or  it  may  have  attached  itself  to 
floating  plants  which  were  ultimately  drifted  back  to  the  littoral  mud-swamp.  This 
tipirorbia  \B  an  important  constituent  in  the  Ardwick  limestone  of  Manchester  and 
Shropshire,  but  is  associated  with  Ostracoda  {Carbonia),  which  are  probably  of 
brackish- water  habitat. 

The  Brachiopoda  are  necessarily  marine.  The  fish  are  not  good  witnesses,  for 
they  might  have  migrated  to  and  fro,  as  some  now  inhabit  both  fresh  and  salt 
waters  ;  and  some  might  have  been  easentially  estuarine. 

Thus  there  are  few  decidedly  marine  beds  in  this  series,  and  these,  of  course, 
correspond  with  the  occasional  domination  of  the  sea  during  its  inroads  and  during 
extreme  depressions  of  the  district. 

In  addition  to  the  occurrences  of  fossils  in  Salter's  list  above  quoted  we  may 
notice  that  in  the  Geol.  Mao.  1870,  pp.  214-220,  is  an  account  of  some  fossils 
discovered  by  the  late  Mr.  W.  Adams,  of  Cardiff,  in  1869.  in  a  '  Black  Band '  in 
the  Khymnev  Valley,  about  800  feet  higher  in  the  Coal-measures  of  South  Wales 
than  any  hitherto  found.  The  band  is  ^culated  to  have  been  rightly  81  feet  above 
the  MynyddysUwyn  coal,  from  which  it  is  divided  by  a  fault ;  it  is  in  five  layers  and 
about  8  feet  thick,  with  its  associated  shales.  One  of  these  in  its  midst  and  the 
lowest  shale  carry  the  fossils.  With  some  plant  remains  there  is  Anthrac<imya^  with 
Etthttia  (?)  Adanuiif  E.  ttnella,  and  Leaia  Leidyi^  all  probably  of  brackish 
habitats  ;  also  Carbonia  EwUna  and  C.  Agnes,  Ostracodes  typical  of  a  genus  which 
is  found  in  the  black  shales,  presumably  of  either  fresh  or  brackish- water  origin . 
Mr.  Adams  also  found  a  shale  full  of  Anthraeomya  at  Aberbeeg,  £bbw  Vale,  over- 
lying the  Troed-rbiw-Clawdd  coal,  and  226  yards  below  the  MynyddysUwyn  coal 
(p.  216). 

2.  Of  the  Vertebrata  the  fishes  enumerated  in  Mr.  Salter's  list  are  important. 
The  following  are  the  ^nera  named: — Megalichthys,  Rhizodus,  Pleuracanthus, 
Byssacanthus  <?),  Palseoniscus,  Amblypterus,  Uelodus,  and  Poscilodus. 

Although  reptilian  remains  are  rare  in  South  Wales,  yet  they  are  not  altogether 
wanting.  In  1865  ^  Professor  (now  Sir  Richard)  Owen  oescribed  florae  remains  of  a 
small  amphibian  (between  newt  and  lizard),  found  by  the  late  J.  £.  Lee  in  the  lower 
part  of  the  Middle  (or  upper  part  of  the  Lower)  Coal-meaures  at  Llantrissant, 
Glamorganshire.  The  animal  was  rather  larger  than  the  allied  Dend'crpcfon 
Aeadtaitum,  and  ProfMSor  Owen  named  it  Anthrakerpeton  eiOMotteum^  **the  thick- 
boned  coal -reptile."  This  paper  and  its  illustrations  were  reproduced  in  the  **  Trans. 
Cardiff  Nat.  Soc." 

10.  Extent  erf  the  Coal-fneaeurea  under  the  South  nf  England, — Sir  H.  De  la 
Beche  in  1846^  noted  that  a  great  sheet  of  Palaeozoic  rocks,  including  the  Coal- 
measures,  extending  from  Belgium  to  Central  England,  had  been  rolled  about, 
ui.dulated,  crumbled,  and  then  partially  worn  away  before  the  Now  Red  Sandstone 
and  other  Mesozoic  strata  were  laid  down  upon  them  :  and  that  these,  in  their  turn, 
had  been  denuded  so  as  to  expose  here  ana  there  portions  of  the  underlying  Coal- 
measures,  though  near  by  a  ridge  of  profitless  Mountain-limestone  or  other  older 
rock  might  come  to  the  surface. 

In  1856  Mr.  Godwin- Austen,  following  up  his  reasoning  about  the  areas  of  coal- 
growth  fsee  above,  page  621),  explained  that  the  movements  of  disturbance  which 
they  had  undergone  had  tended  to  preserve  the  great  Franco- Belgian  coal -band,  and 
haa  rendered  it  available ;  and  he  proceeded  to  state  that  the  course  of  that  band  of 
Coal-measures  may  be  traceable  westward,  and  probably  coincided  with,  and  may 
tome  day  be  reached  along  the  line  of,  the  Valley  of  the  Thames. 

Professor  Prestwich  in  1871  extended  this  inquiry  ;-^  and,  having  carefully  oom- 

*  Gbol.  Mao.  Vol.  II.  pp.  6,  8,  Plates  I.  and  II. 

•  Jfem.  OeoL  Swv.^  vol.  i.  pp.  213-214. 

'  Jieport  jRoyal  Commieeum  CotU^ Supply ^  \^1\\    Annw.  Addrtia  0%«fcV  ^<>«k-% 


1  of  Soof  m«  uid  Bc1ri<^  dsmbed  lb*  ebtneun  and  reiatiou 
ua.  .nd  .hoi.«l  D».  the  c«l  «i-ht  be  met  .ith  «t  t  woAiJd. 

«1|num  lud  freuM,  (u  Ea^.nd;  tfara  «long  the  Bonh.^«a«« 

1  u  sDiitb  0/  th>  rirer  '»««>,  in  hii  apinioa  thio«iqg«iff  tb< 
.rtheni  flack. 

IT  hw  given  io  the  "CkiW  S«t.  5oc  Keport,"  to!,  rrii,  185*, 
Ihe  Tien  here  kllnded  (o.     A  full  mccount  of  tha  hiatorj  ui 

■:,p<xMiT  u  to  tbe  pq^ible  occnrrenn  of  Ibe  CMi-inesntna.  ii 
Memoin  nf  tbe  Orolo^ieal  Siitr^  :  The  Geala?T  of  Ijmiot  ui 
»1DW  V«lleY."  Tol.  L  1889,  pp.  13-28,  by  Mr.  WtiukCT.  F.E.S., 

sites  in  Ihe  warch  for  coal  in  the  Sanlh-iaM  of  EdkUdi];  St, 
h>in,    Chatham,   and  Shareham.   ill  in   Eeat;    Buihef   (Hertt), 

gDd  CDomba.  ueu  Slowmailiel  (Siilleik).' 

«t  reUtinR  to  this  natter  u  th»t  in  Febnur..  1890,  tbe  enjtineT 
»  f«ol  of  3b»k«pear'.  Cliff.  Do.er,  .nn<«n«d  th.l  .t   1201  f«rt 

there  ■  thin  team  of  coal  wu  met  with,  iind  mt  uTenl  ;>nlf 
eight  feet  thick  wu  pior«d.  ««oei«ted  with  cUts,   griu,  ud 
{ew.p.pen).      In    Dr.    Biuiiord'e  '■  AanirereuT  Ad.ln«  lo  tlu 

•■  on  Febnurj-  21,  1B90.  he  (tated  th.l  Profeaor  Boyd   pBwkin., 
d  the  duT  before,  had  informed  him  that  a  oel-swini  bad  reatlf 

a  drpth'of   !  180  feet,  and  that  this  Beam  i?  pr.vtd  to  be  of  Ca- 

:l6c  induulion,  and  arrived  at  by  follG»in(r  the  line  of  research  first 
e,  bv  tbe  late   Mr.  liDdwia-Au^len.  add  subsrquiriitlT  hv  I'rofc^^r 
hunDE  waa  undertaken  .ritli  tbe  adiice  of   Profws.r  W,  Boyd 
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Light,  heat,  motion,  fragrance,  and  colour  are  all  now  ohtainahle  from  coal. 
What  more  could  the  sun  himself  do  for  us  ?  It  is  as  if  the  sunshine  that  cherished 
tiie  luxuriant  jungles  of  the  past  had  heen  preserved  in  the  coaly  mass  of  the  huried 
trees.  Indeed,  the  light  and  heat  of  former  days,  expended  in  thus  converting 
carbonic  acid  and  water  into  coal,  are  here  stored  up  for  man.  By  converting  coal 
into  carbonic  acid  and  water  he  can  again  evuWe  that  heat  and  light,  and  use  them 
in  a  thousand  wavs  beneficial  to  his  race- nay,  essential  to  his  very  existence  as 
a  civilised  being  (/.  W.  Salter  and  others). 

Nevertheless,  a  great  deal  has  yet  to  be  learnt  about  the  natural  history  of  the 
Coal-measures,  the  order  and  extent  of  the  special  kinds  of  their  animaU  and  plants, 
the  time  occupied  in  formation,  and  the  geographical  and  hydrographical  conditions. 
At  all  events,  we  know  that  all  their  strata  have  been  arranged  tw  order^  have  been 
bnried  under  circumstances  favourable  to  production  of  the  various  coaly  fuels,  and 
then  turned  up  in  orderly  disorder^  ready  to  the  hand  of  man,  and  well  adapted  for 
his  use  in  this  passage-stage  of  his  civilization  and  development,  helping  him,  when 
intelligent,  active,  careful,  and  persevering,  to  higher  ends.  For  we  cannot  doubt 
that  all  things  here  are  arrangea  for  his  better  being,  his  progress  towards  more  and 
more  useful  arts,  wider  ranges  of  science,  and  fitter  aptitudes  of  life,  of  which  as  yet 
we  have  but  little  conception.  We  are  still  the  early  settlers  in  a  beautiful  world, 
whose  capabilities,  imperfectly  known  as  yet,  wait  until  higher  developments  of  man 
can  understand  them  tully,  and  apply  the  results  to  the  general  good. 


CHARLES  SMITH    WILKINSON,    F.G.S.,   F.L.S.,   V.P.L.S. 

NEW    SOUTH    WALES. 

fioBN  1843,  DIED  23&D  August,  1891. 

Mr.  Wilkinson  was  bom  in  Northamptonshire.  His  father,  Mr. 
David  Wilkinson,  was  associated  with  George  Stephenson  in  design- 
ing the  first  locomotive  engines.  His  family  settled  in  Melbourne 
in  1852,  where  he  received  his  education.  In  1859  he  was  ap- 
pointed to  the  Geological  Survey  of  Victoria  under  A.  K.  C.  Selwyn, 
F.R.S.,  and  in  1861  was  employed  in  the  Survey  of  the  country  from 
Bass's  Straits  northward  to  near  Ballarat.  Gape  Otway  mountains 
were  surveyed  by  Mr.  Wilkinson  in  1863;  and  three  years  later, 
when  engaged  upon  the  Geological  Survey  of  the  Leigh's  River 
District,  some  important  investigations  were  made  as  to  the  mode  of 
deposition  of  gold  and  the  formation  of  gold-nuggets.  Subscqtiently, 
Mr.  Wilkinson's  health  gave  way,  and  he  spent  three  years  in  the 
Wagga  district.  In  1872  he  passed  the  examination  for  liceuHed 
Surveyors  in  New  South  Wales,  and  was  afterwards  sent  by  the 
Surveyor-General  to  the  then  newly-discovered  tin-mining  diMtriot 
of  New  England,  upon  which  he  reported.  He  was  appointed 
Geological  Surveyor  in  the  Department  of  Lands  in  1874,  and  when, 
the  following  year,  the  Geological  Survey  was  transferred  to  the 
Department  of  Mines,  he  was  appointed  Government  Geologist 
for  New  South  Wales,  which  office  he  filled  until  his  death,  with 
great  ability  and  much  advantage  to  the  Colony. 

Mr.  Wilkinson  was  a  member  of  the  Board  appointed  to  disburse 
the  Parliamentary  Vote  for  Government  aid  to  mineral  pro- 
spectors in  his  Colony.  He  has  also  served  as  President  of  the 
Aoyal  Society  of  New  South  Wales  and  President  of  the  Liunieau 
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There  may  be  many  geologists  in  New  South  Wales  ready  to 
BQceeed  Mr.  Wilkinson  in  his  post,  but  it  will  be  difficult  to  find  one 
possessing  the  same  extensive  geological  and  mineralogical  know- 
ledge, combined  with  so  amiable  a  disposition  and  a  readiness  to 
impart  information  to  those  seeking  it,  which  will  cause  his  memory 
to  be  long  held  in  esteem  by  all  who  had  the  pleasure  to  come  in 
contact  with  him,  whether  officially  or  socially ;  and  especially  will 
his  loss  be  deeply  felt  by  a  very  wide  circle  of  personal  friends. 

PHILIP    HERBERT   CARPENTER, 

M.A..  D.8C.  (CAMB.).  F.R.8.,  F.L.8. 
BoRX  February  6th,  1852.    Died  October  22nd,  1891. 

Philip  Hrbbbrt  Carpentkb,  whose  sad  death  we  recorded  in 
onr  last  Number,  was  the  fourth  son  of  Dr.  W.  B.  Carpenter,  C.B., 
F.R.S.  Bom  in  Westminster,  he  was  taught  at  University  College 
School,  and  in  1871  went  to  Cambridge  as  a  scholar  of  Trinity.  In 
1874  he  graduated  as  B.A.  in  the  first  class  of  the  Natural  Science 
Tripos,  and  proceeded  to  the  further  degrees  of  M.A.  in  1878  and 
D.Sc  in  1884  Between  1875  and  1877  he  studied  at  Wurzburg 
under  Prof.  Semper,  and  in  the  latter  year  was  appointed  assistant 
master  at  Eton  College,  being  especially  charged  with  the  teaching 
of  biology.  This  post  he  held  until  his  death.  In  1884,  when  his 
father  received  the  Lyell  Medal  from  the  Geological  Society  of 
London,  to  Herbert  Carpenter  was  awarded  a  moiety  of  the  Fund. 
In  1885  he  was  elected  a  Fellow  of  the  Royal  Society,  and  he  served 
on  the  Library  Committee  and  Council  of  the  Linnsaan  Society  from 
1887  onward. 

By  the  death  of  Dr.  Carpenter,  at  the  early  age  of  thirty-nine, 
we  lose  one  of  the  chief  authorities  on  Eohinoderm  morphology 
and  the  acknowledged  leader  in  the  study  of  the  Crinoidea.  For 
this  position  he  was  by  his  early  training  eminently  fitted.  As  a 
boy  his  interest  wjis  excited  by  the  researches  which  his  father 
was  prosecuting  into  the  embryology  and  morphology  of  Antedon, 
When  only  sixteen  he  joined  his  father  and  Wyville  Thomson  on 
the  deep-sea  explonng  ex{)edition  of  H.M.S.  Lightning,  **  manfully 
bearing  no  little  hardship  and  helping  to  lighten  the  evil  times  to 
his  seniors."  It  is  interesting  to  remember  that  the  chief  incentive 
to  that  exploration  was  the  discovery  by  Sars  of  new  Crinoids  in 
the  North  Sea  two  years  before.  In  1869  he  was  on  the  second  and 
third  cruises  of  the  Porcvpiney  making  analyses  of  sea- water,  but  no 
doubt  keeping  an  eye  on  the  many  rare  animals,  especially  Echino- 
derms,  dredged  by  that  vessel.  The  summer  of  1870  was  again 
spent  on  the  Porcvpiney  this  time  in  the  Mediterranean.  In  1875 
he  accompanied  Sir  G.  Nares*  Arctic  Expedition  as  far  as  Disco 
Island,  for  the  purpose  of  assisting  in  the  dredging  operations  that 
were  carried  out  there  and  in  the  North  Atlantic  by  H.M.S.  Valorous. 

It  was  not,  however,  till  September,  1875,  that  he  turned  his 
attention  seriously  to  the  Crinoidea,  and  then  as  it  were  by  chance. 
His  first  studies  at  Wurzburg  were  on  **  the  minute  anatomy  of  the 
genital  glands  in  the  Crayfish.**  It  happened,  however,  that  Semper 
and  Ludwig  had  criticized  certain  alatem^ntja  oC  Vf  •  B»  Ciax^\itKt 
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with  regard  to  the  amiB  of  Antedon.  anil  P.  H,  Carpenter  oslMrnllj' 
wiBliod  lo  examine  Sempor'a  material.  Tbue  his  first  paper  (Joiini. 
Anat.  and  Piiyaiol.)  reconciled  iho  views  of  his  father  and  of  hie 
fnther'a  oriticK.    The  interest  once  aroused  led  him  on  to  the  investt- 

'     giitioH  of  the  Phillipine  Actiaonelrx,  placed  in  his  liands  by  Semper, 
mid  after  two  years'  work  )ie  presented  to  the  Linn^An  Society  the 

'     iniportaiit  paper  on  that  genua  which  is  published  in  their  Transao- 
tions.     Meanwhile  the  Chnllemjer  expedition  had  relnmed,  and  in 

'     Jiinaary,    1878,    the   description    of   the    free-Bwiraniing    Criuoidi 

I     onlleoted  on  it  was  entrusted  to  Carpenter  by  Sir  Wyviile  ThomBon. 
Thus  his  scientifio  career  was  detennined,  and  from  that  time  to  hia 

I     death,  a  conatant  stream  of  papers  from  hia  pen,  on  Echinoderm 
and  especially  Crinoid  morphology,  found  their  way  to  the  Roysl, 

I     Linniean,  Geological,  and  Zoological  8o<.-ietiea  of  London ;   to  the 
Quarterly  Journal  of  Micrueoopical  Science,  the  Annals  and  Slaga- 

'     xine  of  Natural  Hi&tory,   Zoologischer  Anzeiger,  and  many  other 

I    piihlicQtionB. 

Tiie  report  on  the  Chnllenger  colli^ction  of  Stalked  Prinoids  whs  lo 
have  been  written  by  Wy^tlle  Thomson,  but  on  his  death  in  March, 
1882,  the  work  naturally  fell  to  Carpenter.  This  report,  published 
iu  1881.  and  that  on  the  unstalked  forms,  which  appeared  four  years 
later,  embody  the  main  work  of  Carpenter's  life :  their  acoaracy  and 
exhaustivenesB  are  known  to  all  who  have  to  deal  with  Crinoids, 
This  led  to  mnoh  other  systematic  work,  such  as  that  on  the  Conutiula 
of  the  Leyden  Muaenm,  of  the  Hamburg  Museum,  of  the  Rarent'i 
and  Kara  seas,  and  of  the  Mergui  Archipelago ;  besides  mnch  left 
nnfinished  on  the  Blake  oolleotiona  from  the  Carribbean  sea,  the 
Crinoids  from  the  Pott  Philip  Survey,  from  Torres  Straits  aad 
elsewhere. 

What  must  strike  any  one  who  reads  these  reports  is  the  constant 
allusion  to  fossil  forms.  The  refusal  to  separata  for  a  moment  tha 
animals  preserved  to  ui  in  the  rocks  from  those  living  in  tnodem 
seas,  which  distinguished  Carpenter's  work  from  that  of  moat 
Boologists,  oonstitotes  his  chief  claim  on  the  attention  of  the  readers 
of  this  Maqazike.     "  I  hsTe,"  he  said  "  the  strongest  oonviotiun 

Snd  many  mistakes  would  be  aroided  were  it  a  universa]  one)  that 
e  only  way  to  understand  fosHila  properly  ia  to  gain  a  thorough 
knowledge  of  the  morphology  of  their  living  representatives.  I'hese, 
on  the  other  hand,  seem  to  me  incompletely  known  if  no  acoonnt 
is  taken  of  the  life-forms  which  have  preceded  them."  And  this 
conviction  was  acted  up  to  :  thus,  even  a  new  AiUedon  from  the 
Hergui  Archipelago  was  shown  by  him  to  throw  light  on  the  position 
of  Jurassio  species.  No  stronger  argument  than  the  extreme  value 
of  all  Carpenter's  palteontological  papers  can  be  needed  to  show  the 
ntter  fatuity  of  ever  expecting  really  good  work  to  be  done  npon 
fossils  by  those  who  are  prohibited  from  acquiring  a  practical  know- 
ledge of  their  living  relatione.  For  those,  however,  less  fortunate 
than  himself  his  ^e\^  waa  aWa^a  ready,  and  none  will  feel  his  loss 
sooner  or  more  bitterV^  11\%a  ftie^  ■^Vii  W-s*  wa  ^"S^sti  ^tailed  them* 
mIt«8  of  it  ia  soWiog 'iib«  «»Kn^  -gT<JAa\o*\;-w«Kv\^'^*»^i&j^4a. 
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of  the  past.  Besides  many  papers  contributerl  to  the  Geological 
Society,  Carpenter  was  joint  author  with  Mr.  R.  Etheridge,  jiin.,  of 
the  Catalogue  of  the  Blastoidea  in  the  British  Museum ;  and  the 
last  number  of  the  Journal  of  the  Linnsean  Society,  published  on  the 
day  of  his  funeral,  contains  a  contribution  to  the  Morphology  of  the 
Cystidea  of  the  very  highest  importance  (see  antea,  p.  135). 

Carpenter's  enthusiasm  made  him  a  keen  controversialist,  but  his 
love  of  truth  kept  him  open  to  every  argument  He  may  have 
sacrificed  brevity  to  exhaustiveness,  but  his  conscientiousness  has 
given  to  all  his  work  the  highest  reputation  for  accuracy.  These 
are  the  virtues  of  the  man  of  science,  but  to  them  he  added  a 
kindness  of  heart  and  a  bright  joyousness  of  nature  that  leave  us 
doubtful  whether  we  have  lost  more  in  the  teacher  or  in  the  friend. 

Lists  of  Dr.  P.  H.  Carpenter's  papers,  some  written  in  conjunction 
with  Mr.  R.  Etheridge,  jun.,  are  given  in  his  two  Chnilenger 
Reports,  and  in  the  Catalogue  of  the  Blastoidea  in  the  British 
Museum.     To  these  the  following  list  is  supplementary. 

1882.     On  the  Relations  of  Hyhoerinut^  Baerocrinut,  and  HybocyttiteSf  Quart.  Joom. 
Geol.  Soc.  vol.  xxxviii.  (No.  161),  pp.  298-312,  pi.  xi. 

1886.  Note   on  the   Structure  of  Crolalocrmutf  Ann.  Mag.  Nat.   Hist.   ser.   5, 

▼ol.  xviii.  pp.  397-406. 

1887.  Notes  on  Ecninoderm  Morphology,  No.  11 ;   on  the  Development  of  the 

Apical  Plates  in  Amphiura  aquamataj  Quart.  Joum.  Micr.  Sci.  vol.  xxTiii. 
pp.  303-317. 

1889.  Beport  on  the  Comatulae  of  the  Mergui  Archipelago,  etc.,  Joum.  Linn. 

Soc.  London  (Zool.),  vol.  xxi.  pp.  304-316,  pis.  xxvi.  and  xxvii. 

1890.  Preliminary  Report  on  the  Crinoidea  obtained  in  the  Port  Phillip  Biological 

Survey,  rroc.  Roy.  Soc.  Victoria,  new  series,  vol.  ii.  pp.  135-136. 

1890.  On  certain  points  in  the  Anatomical  Nomenclature  of  Echinoderms,  Ann. 

Mag.  Nat.  Hist.  ser.  6,  vol.  vi.  pp.  1-23. 

1891.  Some  publications  on  American  Carboniferous  Echinoderms,  Ann.   Mag. 

Nat.  Hist.  ser.  6,  vol.  viii.  pp.  94-100. 
1891.     On  certain  points  in  the  Morphology  of  the  Cystidea,  Joum.  Linn.  Soc. 

London  (Zool.),  vol.  xxiv.  pp.  1-62,  pi.  i.    Abstract  in  Rep.  Brit.  Assoc. 

for  1890,  p.  821;   and  in  Gbol.  Mao.  Dec.   III.  Vol.  VlII.  p.   135, 

March,  1891. 
1891.    Notes  on  some  Arctic  Comatulss,  Joum.  Linn.  Soc.  London  (Zool.),  vol. 

xxiv.  pp.  53-63,  pi.  ii. 
1891.    Notes  on  some  Crinoids  from  the  Neighbourhood  of  Madeira,  op.  et  torn,  oit, 

pp.  64-69. 

Dr.  Carpenter  also  contributed  an  admirable  popular  account  of 
the  Echinoderms  to  Cassell's  Natural  History  (1883),  and  was 
largely  responsible  for  the  section  on  the  same  group  in  Nicholson 
and  Lydekker's  Palawntology  (1889).  F.  A,  B. 

Henry  Nottidge  Moselet,  LL.D.,  F.R.S.,  who,  after  a  protracted 
illness,  died  on  the  lOth  of  November  last,  at  the  age  of  46,  was  well 
known  as  a  ''Challenger"  Naturalist,  and  as  Linacre  Professor  of  Com- 
parative Anatomy  at  Oxford.  That  part  of  his  published  work  of 
most  interest  to  the  pal8dontoloj];i8t  related  to  the  Hydrocorallinao, 
Alcyonaria  and  Madreporaria.  But  throughout  his  work,  especially 
in  his  capacity  as  teacher,  he  was  always  alive  to  the  value  of  fossiU, 
and  lost  no  opportunity  of  impressing  on  his  pupils  the  importance 
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of  their  stndy.  His  entbusiaem,  his  energy,  his  genial  bnmoiir  anil 
his  far-travelled  experience  would  often  keep  the  altention  of  his 
youthful  hearers  for  a  full  hour  beyond  the  Bp|winted  lecture-tiine : 
and,  though  his  voioe  has  for  some  years  been  silent,  hiR  meiuory 
will  not  yet  oeuae  to  bo  dear  to  all  who  had  the  privilege  uf 
knowing  him. 

TaoHAS  Pallisteb  Babkas,  F.G.S,.  was  stricken  with  paralyeia 
about  a  month  prior  to  hia  death,  which  we  regret  to  record  occurred 
on  the  l^th  of  July  last  He  was  born  in  Newcastle  on  the  oth  of 
March,  1S19,  and  in  his  early  days  was  awell-knowa  lecturer  in 
his  native  oity  on  soieutifio  and  literary  subjeota.  To  geologists  he 
is  beat  hnown  by  his  "  Coal-tneaaiire  Palieontology "  (1873).  illus- 
trative of  the  fauna  of  the  Northumberland  Coal  Field.  In  this 
book  he  figured  numerous  spociraens  preserved  in  hia  own  collection, 
and  others  whiuh  he  had  given  to  the  local  museums.  Mr.  Barkns 
WRB  a  great  populariser  of  hia  favourite  science,  and  took  a  warm 
interest  in  tha  Newcaatle-on-Tyne  Natural  History  Museum. 


coiaiaEa:E'Oi3-x)E!iircE!. 


CONCBRNINQ  NOUEilCUTUBG. 
Sir, — In  Trading  Mr.  J.  W.  Gregory's  Revision  of  the  British 
Tertiary  Eohinoidea  in  the  "  Prooeedinga  of  the  Geologists'  Aasocia* 
tion,"  vol.  i.  parts  1  and  2,  1891,  I  was,  of  course,  iinpreaaed  with 
the  industry  and  acumen  of  the  author,  but  I  was  much  grieved  at 
finding  that  ten  of  the  original,  specific  names  given  by  ProfesBot 
Edward  Forbes  in  1862  are  maltreated  by  arbitrary  and  nnneoessary 
alteration,  after  the  latest  fashion  of  pseudo-claaaical  nome nolaturistii, 
whopropose  to  bring  specific  names  to  one  artificial  form  and  standard. 
They  forget  that  the  original  "IfooJii,"  for  instance,  is  preferable 
to  Woodi,  being  more  euphonious, — and  that  a  name  may  be  as 
lawfully  latinized  after  the  plan  of  Juaivt  as  of  Iidiu ;  and  that 
there  are  aa  many  Roman  names  ending  in  tut  as  in  lu.  Further  it 
seems  to  be  forgotten,  or  nut  known,  that  the  genitive  in  a  specific 
proper  name  indicates  the  author's  intention  of  honouring  the  dis- 
coverer of  the  specimen,  whereas  the  adjectival  form,  as  Braiideriamu, 
has  reference  to  one  otherwise  connected  with  the  species.  Thns, 
to  change  "  Hemiailer  Branderianua"  to  B.  Branderi  is  to  falsify,  not 
only  the  fact  in  nomenclature,  but  the  author's  intention  to  indicate 
the  method  and  degree  in  which  he  meant  to  honour  the  person 
named.  The  reduction  of  capitals  in  specific  names,  as  in  branderi, 
is  nnworthy  of  real  literateurs,  convenient  to  printers,  if  any  of 
them  wish  to  save  a  little  arm-stretching  in  composing  the  type, — 
and  depriving  both  banners  and  experts  of  seeing  at  a  glance  some 
indication  of  the  ecieotifio  history  of  the  species.  Linn^'s  method  of 
giving  initial  capital  to  any  noun  used  as  a  specific  name  is  far 
preferable  to  th«  new  fwAium,  whioh  is  probably  based  on  the 
nn  important  cnrontoslaaw  ^ba,^.  \a  wuivsoX.  viins^Tv^v:.^^  only  nnci^ 
and  uniform  Utlen  w«»  w»4-  'V."^sa««.^-i*,^ 
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